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PREFACE 




€ 


Sl ^ ce the publication of Volume I., the preparation of a new German 
edition has been undertaken by Professor Lunge and Dr E. Berl, of 

* ^ le ** wo v °kimes were published in 1910, and the third 

volume in 191 r. 

* 

* sectl0ns comprised in this second volume of the English edition 
aie included in the second and third volumes ^)f the new German 
edition, which is being issued in four volumes. Advance proofs of these 
sections have been placed at the disposal t>f 'the Editor, so that the 
subject matter has been brought thoroughly up to date ; this has fyeen 
effected by including, in association with the additions made by the 
respective revisers of the English translation, all such additions as are 
applicable to English conditions of work that have been made in the 
new German edition. 


The section on “ Organic Dyes," from Volume IV. of the German 
edition, has been included in this volume, as it forms a suitable sequel 
to the section on « Coal Tar." 


With the exception of those cases in which empirical^ factors are 
employed in technical work, all the numerical data ar^ calculated from 
the table*of atomic weights for 1911, issued by the International Com- 
mittee, with O- id as the basis. As in Volume I., the numerical data 
for gases, and for the weights of substances to be taken, for analysis, so 
as to correspond to definite volumes of gases, are calculated from the 
nal litre weights according to most reliable determinations, not from 
^ ie 4 £. a l cl J f kited values. Also, all temperatures are given in Centigrade 
degrees, except where otherwise^tated. 

The Editor desires to record his thSnks to 3 \Jr J. W. Gatehouse and 

V mm 



I’ll KF ACT. 


to , Mr Kll-Galchou.^ for assistance in Jhe revision of.tln* salioMA,,, 
“ Calcium’. Carbide and Acetylene " ; to the Comptroller^ Ok 
Stationery Office- for pefliission'tu reproduce the tab!.- for the correction' 
bfgas tfBiumcs from aWihIix 0/ of the “ Xolificatiim of tip Gas 
Tcetcre 5 S^or*the year 190&* ; and ‘to Messrs Alexander Wright & Co. 
Messrs Baird & Tatlook, and Messrs Blakislon, Sftn & Co. of Phila- 
delphia, for the loan of and for permission to reprothiee*hInrks. , 

niAKLKS A. liKAXH. 

London, July u)ti. 
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By P. Aulich, Ph.D., Chief Instructor at the Royat Engineering and. Mining 

School, Duisberg. English translation revised by Wesley J. Lambert, AJ.C.E. 

Chief Metallurgist, The Royal Gun Factory, Woolwich ; Lecturer on Metallurgy 

The Sir John Cass Technical Institute, London. 

« 

The manufacture of iron may be divided into two main branches viz., 

the preparation qf pig iron by blast furnace smelting, and its conversion 
into malleable iron by refining. • 

The raw materials of the former process are iron and manganese 
.ores, fluxes, and fuels, whilst the main products are iron, slag, and 
furnace gases. In the refining processes, pig iron js practically the sole 
raw material, though fluxes are occasionally added; the products are 
numerous varieties of malleable iron and slag. 

Iron ores include not only naturally occurring ferruginous and 
manganiferous minerals, but also certain industrial by-products, such 
as refinery slag, rolling-mill scale, pyrites, cinders, etc Fluxes are 
almost invariably carbonates of the alkaline earths. In regard to 
fuels, their value, apart from calorific effect, is determined chiefly 
by the composition of the ash. Slags are always silicates, some- 
times mixed with considerable amounts of ferroso-ferric oxide and 
of phosphates. 

The analytical investigation of ores, fluxes, fuel ashes, and slags is 
similar iry character, so that they may be treated as a singly group. 
Also, all varieties of iron and steel, excepting those alloyed with rare 
metals, contain the same constituents. Hence the subject matter of 
this section divides itself into two groups— the analysis of ores and the 
analysis of iron. • • 


I.— ANALYSIS OF ORfcS 

m * 

A. Qualitative Tests 

♦ 

The naturally occurring iron cees are maifily ferric oxide (red 
haematite), ferroso-ferric oxide (magnetic'ore), hydrated oxide (brown 
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hematite), or carbonates (spathic iron ore'vlay irfnst' me' ; tine natural 
silicates (chamosHe, knebelite) ami chrome iron me .u<- h-» . cointuon. 
The indusfriaf residues worked up as ores arc oxides pyrites cinder), 
silicatfeS mixed with much fertoso- ferric oxide (refinery s-l.ijj , or the 
latte* alone (mill and forge senile). 

All these materials contain iron as the chief constitm-ut, as a matter 
of course, but it may be desirable to test for the presence of oik: or 
both stages of oxidation. The natural ores are iltrvcr qujte pure, hut 
always contain foreign matter or are permeated with other minerals, mi 
that they usually contain silica, alumina, liftie, baryta, mayor ia, and 
more rarely alkalis. The usual tests are applicable !■ >? their del. et ion, 
as is also the case wi£h the recognition of the pri-M-i.. e of water and 
of organic matter; the latter is an invariable constituent of «. lay- 
ironstone. 

Apart from the irbu content, an ore is rendered more or less 
valuable by the presence or absence of certain other constituents. 
Manganese, on the one hand, often increases its value* Mich impurities 
as phosphates, sulphates, sulphur, Copper, lead, sdne, antimony, arsenic, 
and titanium, on the other hand, may depreciate it considerably, It is 
accordingly important to test for these substances, Occasionally tlu> 
more or less comparatively rare elements, such as cobalt, nickel, 
chromium, etc., may have to be looked for. 

. The presence of water, either as moisture or in chemical combina- 
tion, of organic matter, and of carbonic acid, frequently affords informa- 
tion as to the variety of ore under examination. 

Manganese.— A little powdered ore is fused with six parts of 
sodium carbonate and a pinch of nitre cm a platinum foil ; if manganese 
be present, the melt is coloured green. This is an exceedingly delicate 
reaction. 


Phosphoric Acid.— A warm nitric acid solution of the ore is added, 
drop by drop, to an equal volume of nitro-molybdatc reagent, heated to 
40 to 50 , and the mixture thoroughly shaken for from five to ten minutes, 
when the yellow precipitate of phospho-molybdatc of ammonia will be 
formed ; if the phosphoric acid is only present in traces, the solution 

must be kept at 40° to 50° for an hour or more for the Precipitate to 
settle out 

The molybdate Solution is prepared by dissolving 1 50 g. of pure 
ammonium molybdate in water, 450 g. of ammonium nitrate are added 
to the solution, the whole diluted to 1000 c.c., poured into 1000 c.c. of 

and 1 filtered° f ^ ^ ^ Stand f ° r twent y* four hours 35'.. 

ores^renf!™ f T th l B / Sse ? er acid P rocess > spathic ores, and magnetic 

P* os P horic aci d; in these cases it is 
o take several grams foi* the test and to concentrate the solution. 
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. Sulphuric Acidfis tested for by the ordinary blowpipe reaction for 
sulphur. * * * 

Sulphur. — To test for sulphides, dec«mpositfon by acid may be . 
employed, or the ore may be mixed with sodium carbonate and 
borax and* heated in the blowpipe on charcoal, when sodium sulphide 
will be formed. . 

Lead. — A hydrochloric acid solution of the ore is concentrated, 
with the addition of sulphuric acid, in a porcelain dish, and a third of its 
volume of alcohol added. On pouring the liquid into a small beaker, 
any precipitate of lead sulphate will be at once recognised. To make 
sure that it is not barium sulphate, the precipitate, after thorough wash- 
ing, should be tested with ammonium sulphide ; or, it may be dissolved 
in a warm, ammoniacal solution of ammonium acetate, and tested with 
potassium chromate. 

Copper. — The ore is dissolved in strong hydrochloric acid and 
the solution concentrated; a thick platinum wire is then dipped into 
the solution and4ield in a Bunsen flame, when copper will give a green 
coloration. For very minute quantfties of copper, it is better to pre- 
cipitate from acid solution, at 70°, with sulphuretted* hydrogen, and to 
•test the precipitate either in a borax bead or otherwise. 

Zinc. — Ores containing zinc, when heated in the blowpipe on 
charcoal with sodium carbonate, give an incfustation, yellow when hot 
and white when cold, which assumes a fine green tint, most vivid in the* 
cold, on addition of cobalt nitrate. For mere traces of zinc, it is best to 
employ the method given on p. 19. 

Antimony. — A sample of the finely powdered ore is dissolved in 
aqua regia and repeatedly evaporated with hydrochloric acid to expel 
the nitric acid ; the residue is then taken up with a little hydrochloric 
acid and the solution placed on the lid of a platinum’ crucible, together 
with a piece of zinc. The least traces of antimony produce a brown 
stain. Larger amounts may be recognised by the white incrustation, 
which is formed in the blowpipe test ; this incrustation disappears when 
blown upen. * 

Arsenic also yields a white incrustation in the blowpipe test, but it 
settles at a*greater distance from the substance, and is much more 
volatile than that of antimony; at the same time, a strong alliaceous . 
odour, due to arsenious oxide, is evolved. Very small quantities of 
arsenic, especially if present as arsenate, are best determined quanti- 
tatively, as described subsequently (p. 20). 

Cobalt and Nickel. — A solution of the ore in hydrochloric acid is 
precipitated with ammonia and ammonium sulphide, the precipitate 
extracted with very dilute hydrochloric £cid, and the black residue, if 
any, fused in a borax bead in the oxtdisiifg flame? Cobalt yields a blue 
bead, nickel a reddish yellow bead which turns pate yellow on cooling. 
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A very delicate test fur nickel cun -fists pi treating a dilute 
ammoniacal solution of the ore with an excess of lailariv Avid and an 
alcoholic solution of"climethylg!yoxime, when a bright red crystalline 
precipitate is formed in presence of nickel; cobalt gives no ivaUioy 
withrthis reagent (</. p. 66 ). - 

Chromium. — Minute traces are best detected by the blue ethereal 
solution of perchromic acid obtained on treating an acid solution of 
chromic acid with hydrogen peroxide. Larger quantities,. when le.itul 
in borax or microcosmic salt beads, give a green coloration, more pro- 
nounced in the cold than when hot. To cu/ry out the per*, bromic arid 
test the finely powdered ore is fused with a mixture of six pints of 
sodium carbonate and one part of potassium chlorate, the melt extras led 
with water, and the solution acidified with sulphuric avid. A few cubic 
centimetres of hydrogen peroxide and of ether are placed in a te.t 
tube and the solution added in small portions with frequent shaking. 
In presence of chromium, the ethereal layer will be coloured blue. The 
test is vitiated by the presence of vanadium, which wmdd impart a red 
colour to the ether. Another test is to acidify the extract of the melt 
with acetic acid 2nd to add lead acetate, when a yellow precipitate of 
lead chromate is formed. 

Titanium,— A fairly large sample of the ore is fused with filteeu 
parts of acid potassium sulphate, the melt allowed to cool, dissolved in 
-cold water, the silica filtered off, and the clear liquid placed in a large 
test tube with a piece of zinc; if titanium be present, the solution 
becomes violet coloured after a short time. Ur, a little of the finely 
powdered ore is dissolved in a microcosmic salt bead by prolonged 
ignition over the blowpipe ; titanium imparts a yellow coloration, which 
turns violet when cold. This test fails when other metals, such as cobalt, 
etc, are present, 'in which case the titanic acid is first separated as 
follows:— The extract of the acid sulphate melt is treated with sul- 
phuretted hydrogen to reduce ferric salts, and then boiled for some 
tim<s in a current of carbon dioxide ; any precipitate formed is filtered 
off and -dissolved in the microcosmic salt bead, which is coloured as 
above in the-reducing flame ; heated in the oxidising flame, the bead 
becomes colourlesg, Titanic acid containing iron gives a 'brownish red 
bead in the reducing flame. 

Vanadium — There is never sufficient vanadium in iron ores to give 
the blowpipe test. One to two grams of the ore are fused with sodium 
carbonate and nitre, th*e melt extracted with hot water, the filtered 
solution acidified somewhat strongly with sulphuric add and treated, 
with sulphuretted hydrogen. A coloration varying from yellowish red 
to deep red, according to the'amount of vanadium present, results. 
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* # B. Quantitative Analysis 

#> a 

Full and detailed analyses of ores, fiuxes, £hd slags are rarely 
Required in iron-works. As a rule, suclf analyses are only carried out 
upon average samples of the various materials at fairly long intervals, 
either for calculating the blast furnace charges or* for controlling the 
correctness of the calculations by analyses of the da g, or when it is a 
question of #the purchase of ores. In the majority of cases, as, for 
instance, for controlling the quality of regular consignments of ore, it 
suffices to determine the cffief valuable and injurious constituents — viz., 
iron, manganese, phosphorus, sulphur, copper, ^inc, and silica. Fre- 
quently it is not necessary to determine more than the iron, manganese, 
and insoluble residue. Volumetric methods are, of course, used when- 
ever possible in works’ laboratories. Gravimetric methods will, how- 
% ever, be considered first, because the separations, etc., involved in these 
have often to be carried out before the volumetric methods can be 
applied. • 

Sampling (cf. Vol. I., pp. 7-^7). — Gravimetric or volumetric 
analyses cannot lead to results which are of practical value and do 
Justice to both buyer and seller, unless the sample handed to the 
chemist really represents an average of the bull* from which it was 
drawn. It is often a matter of great difficulty, requiring considerable 
preliminary operations, to secure this. The more finely divided and< 
homogeneous the ore is, the easier is the sampling. In such cases it 
suffices to take I to 2 kg. of ore from each truck-load, collect the 
whole in a large box, and draw an average sample from the latter at 
intervals of, say, a week, or else after a certain number of truck-loads, as 
agreed upon, have been delivered. Should the material, however, be in 
large lumps {eg., fluxes, Spanish haematite, Swedish magnetic ore), it is 
much more difficult to draw a genuine average sample, since the lumps 
are apt to vary greatly in composition. In this case the best course is 
to come to an agreement with the vendor that a certain truck-load, 
already urrier way, shall be considered as representative of the whole 
consignment or ship-load. On arrival, this truck-load is* comminuted 
separately btf means of a stone-breaker, or, better, a poller-mill, and an 
average sample is drawn from the resulting heap. 

This is effected as follows : — The material is placed on a tiled floor 
and spread out in a circle ; starting from the circumference, it is then 
shovelled towards the centre until it is heaped fn a cone. The cone is 
broken up, the material again spread out, and the operation repeated. 
After three such mixings, the evenly spread mass is divided into four 
quadrants, and two opposite quadrants, of one only, are taken aside, 
mixed, and again divided; and sooif, unfil a quantity of only 1 to 2 kg. 
remains. This is then ground up in an ifron mortar in the laboratory, 
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and further divided as above, so that a sample suftabie for analysis*!"* 
finally obtained. ' * 

The- sample is prepared in triplicate: one portion is analysed, the 
second delivered to the vendor ‘and the third sealed and kept in casrnf 
disputes. 

The size of grain should not exceed 

For a ioo g. sample 0-5 mm, diaufeter. 

„ 100 to soo g. „ 1 „ (> 

„ 500 „ 1000 g. „ 2 „ 

» 1000 „ 2000 g. „ 3 „ „ 

The sample for analysis must be ground down to pass a sieve of 
about o-5 mm. mesh before being weighed out. In the case of clay- 
ironstones and calcareous ores, the samples must be finely powdered in 
an agate mortar to render them uniform. 

Various mechanical sampling contrivances have been designed, but 
they have not found much favour in works’ practice. * 


r. Gravimetric Analysis 

Weighing Out-*When the sample is not homogeneous in grain, it 
often happens that a partial separation of the lighter and heavier 
.portions takes place when the scoop or spatula, from which the 
substance is weighed out, is tapped. Hofmann » has pointed out that 
analytical discrepancies are sometimes due to this. Iron ores which arc 
not finely powdered are likely to behave in this way, and in such cases 
it is preferable to weigh out a tolerably large portion of the sample, to 

then dissolve the whole and to take an aliquot portion of the solution 
for analysis. 

Water or Loss on Ignition. As a rule, it is merely necessary to 
determine the moisture, which is expelled by drying a fresh sample of 

U hC l ir ' over }- For red haematites the best temperature is 
1 10 , for brown haematites rich in manganese ioo°, and for «oft peaty 
ores 90. Iff m addition, it is required to determine the combined 
water asm browp. haematites, the sample is further gradually brought 
to a red heat and ignited to constant weight; if carbonates or ferrous 
compounds be presenf, however, this method cannot be used, and the 
expelled water must be collected and weighed in a calcium chloride 
ube or other suitable Absorbent For this purpose, i g. of the finely 

"tT- S P ^ aCed in " b ° at and ignited 5n a «>mbustion tube in l 

0f , dn . ed air i fare must be taken to dry the air with the mmt 
in thn M ' S “ ,PhUriC ^ ph ° Sph0rie acM) “ “ “= d 

1 Z, adjgew. Chtm 1891, 4, 440. 
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. In th’e presence Cf orgaajc matter, as is invariably the case with bog- 
oras, it is efistomary to determine the loss on ignition which comprises 
the water, carbonic acid, and organic mattes ; if the perceiltagfc of. ferrous 
^tnd ferric iron be known, the proportion of slag-forming'constituents 
can then be calculated. , , 

The presence of organic matter also necessitates *a preliminary 
ignition of the sample, previous to solution, unless volatile constituents 
such as arsenic, sulphur, or carbonic acid are present ; the weighed ore 
is ignited, at not too high a temperature, in an open poitelain crucible 
until the organic matter is’dcstroyed. 

Dissolving the Ore. — The best solvent is fuming hydrochloric acid 
(sp. gr. i -19), which is allowed to act on the finely powdered ore in an 
Erlenmeyer flask at 50°, the temperature being ultimately raised to the 
boiling point. The flask is most suitably warmed on a sand-bath or on 
a heated iron plate. In order to obtain all the iron in the ferric state, 
as is necessary for many gravimetric and volumetric methods, a little 
nitric acid or potassium chlorate is added when the solution is nearing 
completion. In case it is preferable'to dissolve in sulphuric acid, dilute 
acid (1 to 1 by volume) is employed and the temperature kept at 100". 

If the undissolved residue is not white, but more or less coloured, 
the iron is extracted from it by one of the following methods : — Either 
the residue is fused with sodium and potassfum’carbonates, or else it is 
dried, moistened in a platinum crucible with hydrofluoric and sulphuric 
acids, evaporated, and finally dissolved, the solution being added to the 
main bulk. 

The solution of ores in sulphuric acid is greatly facilitated by 
previous reduction to the metallic state, which may be effected by 
hydrogen or coal gas, or by certain powdered metals. In the former 
case, the weighed substance is placed in a boat or on a piece of copper 
foil in a combustion tube held in an ordinary clamp. The gas is passed 
through at such a rate that a small flame continues to burn at the exit, 
whilst the tube is heated to redness by means of one or two burners ; the 
reaction ss completed after ten to fifteen minutes. The substance is then 
allowed to cool in a current of the gas and immediately dissolved in 
sulphuric a<Sd (1:3). 

In the second method, which is due to Donath ail'd Jeller, 1 the finely 
powdered ore is mixed with an approximately "equal volume of zinc 
dust in a porcelain crucible, covered with a layer of the same, and 
strongly ignited for from five to eight minutes with the lid on. The 
reaction is so vigorous that incandescence of the mixture, which may be 
observed through the walls of the crucible, sets in. In order that the 
reduction may be complete, ores containing ferrous iron must previously 
be moistened with ammonium nitrate ahd ignited, so as to oxidise all 
J Z . anal Chm % 1886, 25, $ 6 i ; Ch*m t Nms t ijJSS, 54* 73* 
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the iron to the ferric state. It is, of coursoj neccss|ry to make* a blank 
determination of iron in the zinc dust 

V.' Jliptner 1 uscspmagncsium powder instead of zinc; fur complete 
•reduction four to six parts are igixed with one part of a comparatively 
refractory ore. In the case of easily reducible ores and„slags, pour in*" 
iron, ?t suffices, to mix the sample with an equal volume of magnesium, 
then to add a layer oT as much magnesium again in the crucible, and to 
ignite cautiously for five to ten minutes. A blank determination of the 
iron in the magnesium is also necessary in this case. 

Insoluble Residue and Silica. — When cures of known quality are 
being smelted, all that is usually required by way of control is the 
determination of the insoluble residue (silica, quartzosc sand, barytes, 
clay, and undecomposed mineral admixtures) and of the iron. For 
this purpose the solution, prepared as above, is diluted and filtered, and 
the residue ignited over* the blast in a platinum crucible and weighed. 
To determine the silica, the solution is twice evaporated to dryness, 
taken up with acid, diluted with water, heated, and the residue filtered 
and ignited. In evaporating, it is well to avoid excessive heating, since 
basic chlorides 04 ferric hydroxide, which redissolve with difficult}’, 
tend to separate out. Moreover, ferric chloride is markedly volatile at * 
comparatively low temperatures, which may lead to low results in the 
subsequent determination of the iron. Since the silica thus obtained is 
never pure, the contents of the crucible, after weighing, should be 
evaporated with hydrofluoric and sulphuric acids, strongly ignited and 
re-weighed. The loss in weight represents the pure silica. 

Should the residue contain barytes, clay, or undecomposed ore, it 
must be fused with sodium and potassium carbonates, and the melt 
dissolved in warm water without the addition of acid. This is facilitated 
by first removing it from the crucible; the solidified mass is heated 
until the outer layer just melts, when it can be got out without difficulty 
by pressing the sides of the crucible. 

The following is the procedure adopted by C. B. Murray,* of the 
American Steel Trust Laboratories, for the determination of sili«a in iron 
ores. One grajn of the finely ground and dried ore is thoroughly fused 
with 12 to 15 g. of sodium carbonate. The melt is cooled anti extracted 
in a beaker containtng <200 c.c. of water, to which the same volume of 
strong hydrochloric aeid is subsequently added. The solution of the 
melt is then evaporated to dryness, the residue taken up with 50 c,c. of 
hydrochloric acid, diluted -with water, and the silica filtered off, ignited, 
and weighed. 

In the case of manganese ores, the following modification is adopted. 
One gram of the ore is dissolved in 50 c. c. of hydrochloric acid, the 

1 Chun, ZeiL, 18^4, 20, 46^ ; J /non and Steel Inst 1894, il, 497, 

2 Methods of Irm Analysis* p. 50 (see Literature, p. 89). 
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s$Iution*boilcd and lateral {Aid the residue fused and added to the original 
solution ; t+u: whole is then treated -as above. The action of the liberated 
chlorine on the crucible is thus avoided. . • * 

. Iron and Aluminium. — Iron is ha«Wy ever determined gravimetri- 
cally ; eveTi when both ferrous and forrij iron arc present, volunaetric 
methods arc employed. When aluminium, however, has to be deter- 
mined, ferric and aluminium hydroxides are precipitated jointly from 
acid solution by a* slight excess of ammonia and weighed together. 
The very general method of using a large excess of amrflonia and then 
boiling it off is not to be recommended, because it is by no means easy 
to judge the pfiint of neutrality ; if boiling be continued beyond this 
point, some ammonium chloride is apt to Sc dissociated and an 
equivalent amount of alumina brought into solution again, as has been 
shown both by Blum 1 and by Lunge.- It is preferable to precipitate 
' with a small excess of ammonia, add ammonium chloride if necessary, 
allow to settle, and filter at once. The ignited and weighed precipitate, 
which contains aJI the phosphoric acid present as well as the oxides, is 
fused with acid potassium sulphate sfnd the iron determined volumetri- 
cally. The aluminium may then be found by difference, after the 
•phosphoric acid has been separately determined. In order to determine 
alumina as such, the separation from iron maybe carried out by pouring 
the hot solution of the joint precipitate, which sRoulji not be too dilute, 
into boiling sodium hydroxide, preferably contained in a platinum dish. 
The diluted liquid is then filtered, the filtrate acidified, and the alumina 
precipitated with a slight excess of ammonia. The precipitate must be 
redissolved and reprccipitated, in order to free it from fixed alkali; it 
will contain all the phosphoric acid, which must also be determined and 
deducted in this case. 

This separation is greatly facilitated by the cther-extraction method 
proposed by Rothe, 3 which is specially adapted to the separation of 
large quantities of iron from small quantities of manganese, chromium, 
nickel, aluminium, copper, cobalt, vanadium, and titanium. It is based 
on the fact that ferric chloride in presence of hydrochloric acid and 
ether gives a compound which is easily soluble in the kitter, whereas 
thechloride»of the other metals enumerated do not possess this property. 
Hence it is possible to extract ferric chloride quantitatively by means 
of ether and so to remove heavy “ballasts” bf iron. The essential 
conditions for carrying out this method are — (i) that the iron be 
present as ferric chloride ; (2) that an excess of add of definite strength 
be present ; and (3) that there be no superfluous water. 

Five grams of the ore are dissolved in hydrochloric acid and the 

• 

* 7 * anaL Chem 1 888, 27, 1 9. # 

s 7 .. angsnK Chenu, 1889, 2 , 634 ;*/. Sth\ Chem . />/J M 1890, 9, irr. 
k Chem* Aews t 1896, 74, 296. • # 
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solution filtered ; the washed residue is then fpced, thJ silica removed, ami 
the alumina precipitated in the filtrate by ammonia, if this precipitate 
.contains iron, it is dissolved in hydrochloric acid and added to the bulk. 
The solution is then oxidised, it necessary, by adding a few drops *of„ 



strong nitric acid, concentrated to about 10 c.c., poured through an 
elongated funnel into one limb of the Rothe separator (Fig. i) and 
rinsed With hydrochloric acid of sp. gr. 1-124 (at 19 0 ), until the total * 
jplrnne reaches 55 to 60 c.c. It is important that the solution should 
te<juite clear and free*from bhsic precipitates. The cylindrical limbs 
separator are fitted with stopcocks at the top and- are connected 
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&. m * 
at the bottom by a thrcc-nyay stopcock. The apparatus is held in a 

clamp whch in use. 

The solution having been charged, say, int® limb II, an equal 
.volume ofether is poured into limb I, ’which is placed under pressure 
by means of a’ piece of rubber tubing attached to the mouth ; the -tubes 
I and 1 1 are then connected by turning the threc-iyay stopcock and the 
ether driven over into II. All the taps arc then closed, the liquids 
brought into contact by thorough shaking, the apparatus allowed to 
stand until the layers have completely separated, and the lower layer 
driven into I as before. The upper ethereal layer is then run off by 
means of the three-way stopcock. A fresh supply of ether is poured 
into the now empty limb II and the extraction repeated. Lcdebur 
recommends an ordinary separating funnel in place of the Rothe 
separator. 

The solution, which is now deprived of iron, is evaporated to dry- 
ness, taken up with hot water and a few drops of hydrochloric acid, and 
heated to boiling, after the addition of i c.c, of concentrated acetic acid 
and I g, of sodium acetate; 2 c.cAof a saturated solution of sodium 
phosphate are then added to precipitate the aluminium. The pre- 
* cipitate, which, even after washing with hot water, is apt to retain 
manganese and copper, is redissolved in a little hydrochloric acid, 
evaporated to dryness, taken up with a few 'cubic centimetres of water, 
boiled for some time with 2 or 3 g. of aluminium-free sod iurp 
hydroxide, made up to 250 c.c., and filtered through a dry filter 
paper. Two hundred c.c, of the filtrate, corresponding to 4 g. of ore, are 
acidified with acetic acid and the aluminium precipitated as phosphate. 
The well washed precipitate is ignited, and then contains 41-85 per cent, 
of AljOg. 

According to A. Wencelius, 1 aluminium can be determined directly 
in the solution of the ore, provided barium and strontium salts soluble 
in hydrochloric acid, and titanic acid are absent ; it is precipitated as 
phosphate in acetic acid solution after the previous reduction of ferric 
to ferroiJs salts by sodium hyposulphite. 

Manganese. — In works’ laboratories manganese is generally deter- 
mined volfcmetrically, especially if the ore is to be assayed for 
manganese or for mangapese and iron only. In conducting a complete 
analysis, however, a gravimetric determinatibrf will be found more 
suitable ; this necessitates the previous removal of the iron and 
aluminium. The following five methods are* available for this separa- 
tion : — 

Separation of Manganese from Iron and Aluminium.— 1. Acetate 
Method, The oxidised solution in hydrochloric acid of 1 to 2 g. of the 
ore (or more if the content of manganese be® very low) is evaporated 

** A nalytisch Afeihoden /Hr ThomasStahlhiitUn ah or at or hn. 
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to dryness, redissolved in the least possible <$*intity of hot hydrochloric 
acid, -allowed to cool, diluted with cold water, heated 'nearly in 
boiling, and filtered.. The completely cooled filtrate, the bulk nf 
which should' not exceed 250 cjc., is then accurately neutralised with 
ammqpium carbonate; if a permanent precipitate is foriwcd'owing to 
the addition of an excess of this reagent, it is redissolved in hydro, 
chloric acid and the neutralisation continued. It is convenient to have 
a strong and a dilute solution of ammonium carbonate and .to use the 
latter towards “the end of the process; in the earlier stages, solid 
powdered ammonium carbonate may be used "with advantage. About 
°-75 g. of ammonium acetate for each gram of iron ‘taken is then 
added to the deep red solution, the volume of which is made up to 
about 1000 c.c. by the addition of boiling water, and the whole placed 
on a hot plate and boiled for one or two minutes. Long-continued 
boiling renders the precipitate slimy and difficult to filter. In many 
works laboratories the sodium salts are preferred : a more complete 
separation is thereby effected (Lambert). ■ 

The precipitated basic ferric acot«tto is allowed to settle, the colourless 
solution decanted (jff through a large filter, and the precipitate washed 
by decantation with hot water in which a little ammonium acetate is 
dissolved. The precipitate contains all the aluminium and phosphoric 
acid present, in addition to the iron ; it can be used for the volumetric 
determination of the iron. 

If the neutralisation, which requires some little practice and patience, 
has been properly carried out, a single separation may suffice. If 
special accuracy, however, is required, or in case of lack of experience 
with the method, it is desirable to redissolve the iron precipitate, 
repeat the separation, and unite the filtrates. The precipitate 
may be tested for manganese by dissolving it in nitric acid and 
boiling with lead peroxide or bismuth tetroxide, or other oxidising 
agent, which yields a pink coloration in presence of manganese. A 
preliminary examination of the lead peroxide, which frequently con- 
tains manganese, must be made ; for this purpose a sample is dissolved 
in hot concentrated sulphuric acid, diluted, allowed to cool, and treated 
with a further portion of the peroxide, when no pink colour'should be 
formed. 

The voluminous ba?t<? acetates of iron and aluminium are difficult to 
wash, and are apt to pass through the filter towards the end of the 
. filtration. Washing may be entirely circumvented by resorting to the 
method of partial filtration, which is carried out as follows:— The pre- 
cipitation is effected in a large pear-shaped flask, in which the solution 
Bfc ted not quite 1000 c.c.,*is heated directly by a large burner,’ 
litffitf an y interposed nvire gduze.* There is no fear of the flask 
^ has once stood the heating. After adding the precipitant 
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ajK.l bailing briskly for*1iulf a minute, the contents are* poured 
inf.o a liFrc flask and made up with boiling water; or else the 
volume is read off by means of marks placed at* intervals "of I c.c. on 
^either side of the litre mark, The sofution is then filtered through a 
large pleated -filter paper until 750 c.c. haye been collected, the operation 
being so rapidly performed that the liquid is not pooled 'down by more 
than a few degrees. The filtrate is used for the determination of the 
manganese, the residual liquid and precipitate being discarded. 

For specially accurate work, it is desirable to take ii?to account the 
fall in temperature and afto the volume of the precipitate. Corrections 
for the former* may be made by the aid of the subjoined table; 1 the 
precipitate may be assumed to displace 0-7 c.c. for every 1 g. of iron. 
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2. Ammonium Carbonate Method. The oxidised solution of the ore 

in hydrochloric add is evaporated to dryness, which can be done in a 
beaker upon a sand-bath, or in a dish over a wire gauze, and the 

residue is taken up with hot water and slightly acidified. About 5 g. of 
ammonium chloride for every 1 g. of ore are then added, together with 

at least 250 c.c. of water per gram of ore. The solution is neutralised 

with dilute ammonium carbonate solution, which is added until the 
liquid just begins to become turbid ; should a permanent precipitate be 

formed, % few drops of acetic acid are added and the solution allowed to 
stand until it becomes clear. On heating to boiling, and continuing to 
boil until illl the carbon dioxide has been driven off, a precipitate of 
basic iron and aluminium salts, which settles readily, is formed. 1 his 
is somewhat difficult to wash, and may therefore* Se separated by partial 
filtration, as described above. If the supernatant liquid is not colour- 
less, but slightly yellow, the iron has not beeh completely precipitated, 
and a few drops of ammonia must be added before filtering, but not 
enough to be noticeable by the smell. 

The filtrate should be faintly acid iflnd colourless ; it is acidified 

1 Ct Z. angm. Cktrn ., i 888, z, 220 ; also*H. Brearley ami F. Ibbotson, Tkt Analysis of 
Stttl Works AfstUrtois, p. 31. ** 



slightly to "keep the manganese in solution, boiled down to* a sm«j,ll 
bulk/and a few drops of ammonia addecl, any ferric or 'aluminium 
hydroxide which is precipitated being filtered of T and tested for traces 
of manganese. The determination of the manganese in bulk is then 
proceeded with by the usual methods. 

3. Sulphate Method. The chief advantage of this method, which is 
due to Kessler, 1 is that the precipitate is easily washed. The oxidised 
hydrochloric acid solution is approximately neutralised with ammonia, 
and ammonium carbonate added to incipient turbidity. So long as the 
liquid is dark brown and of acid reaction, no precipitation of manganese 
need be feared. One gram of ammonium sulphate for every gram of 
iron is then added tf> the cold solution, when a brown precipitate 
of basic ferric sulphate is formed. Should the precipitate be of 
comparatively light colour, it indicates that the neutralisation was 
incomplete and that iron has remained in solution. The precipitate 
is very bulky, and filters with difficulty at first, but gives no trouble 
in washing. The aluminium remains partially in ,the filtrate, but 
can be removed by adding a few drops of ammonium acetate and 
boiling. Partial filtration, as described above, is also useful in this 
method. 

4. Zinc Oxide Mctjiodi 1 One to two grams of iron ore, or 0-5 g. of 
manganese ore, is dissolved in hydrochloric acid, filtered, oxidised with 
potassium chlorate or hydrogen peroxide, boiled till free from chlorine, 
and diluted to 400 or 800 c.c. in a measuring cylinder, according to the 
amount of iron present. Zinc oxide, finely powdered and suspended in 
water, is then added in small quantities at a time with thorough agitation, 
until the precipitated ferric hydroxide suddenly coagulates. On settling, 
the liquid will be found to be colourless. It is made up to a known 
volume, shaken, and subjected to partial filtration. 

C. B. Murray 8 adopts the following procedure when using this 
method for the estimation of manganese in the case of manganiferous 
iron ores. One gram of the ore is dissolved in 50 c.c. of hydrochloric 
acid, evaporated to dryness, the residue taken up with 20 co of nitric 
acid, and again evaporated to about 10 c.c. The solution is then washed 
into a 500 c.c. flask, diluted to about 200 cc., and zinc oxide, suspended 
In water, added till all the iron is precipitated. The whole is diluted to 
500 c.c., acidified, thcfrcwghly shaken, allowed to settle, and 250 ex, of 
the dear solution decanted off into a flask. This solution is then 
boiled for about five minutes and titrated with a standard solution of 
potassium permanganate. 

5. Ether Method. Rothe’s method for separating iron from 


1 Z. anal. Ckem ., 1872, II, 258 j J. Iron and Steel Inst., 1880, 353 ; Iron, Mav %i 
l C h Volhard, Ckem. Nexvf, 1879, 40, 207 ; J. Iron and Steel Inst., 1880, p. 355. ’ 
fWtikods of Iron Analysis, p. 53 (sea Literature, p. 89). 


1879. 



ORES: MANGANESE 15 

ajuminiimj, describee! on y.*y, is sometimes employed with advantage 
for separating iron from manganese. 

"Determination of Manganese. — -i. Mang. ani-jfe Peroxide Method. 
Tq precipitate manganese as hydratwl peroxide, bromine, bromine ' 
water, brdmiiytted air, or hydrogen peroxide may be used. The 
iron-free filtrate is nearly neutralised* with ammonia or sotlium 
carbonate, evaporated down to about 250 c*p., cooled to 50', 
and treated^ with sfi much bromine or bromine water that the liquid 
retains a deep yellow colour. On heating the solution 4 o the boiling 
point, the colour will disappear ; more bromine is then added, 
and the process repeated until 
obtained. The permanganate is 
then reduced with a few drops of 
alcohol, the precipitate of inan- 
* ganese peroxide filtered off, 
washed with dilute hydrochloric 
acid (1 per cent, by volume) and 
with water, and finally ignited to 
Mn s O t . Should the quantity of 
• the precipitate be very consider- 
able, it is well to char the filter 
gently before proceeding to full 
ignition. 

If the precipitation has been 
carried out in the presence of 
alkali salts, such as sodium acetate 
or carbonate, the peroxide will 
usually be contaminated with 
these, and should be redissolved 
in hydrochloric acid and repre- 
cipitated with sodium carbonate ; 
the manganese carbonate is 
washed well and ignited to Mn 3 0 4 . 

is apt to remain in the filtrate and washings ; it can b<j recovered by 
evaporating*to dryness and taking up with water ; the amount, however, 
is generally negligible. 

The precipitation of manganese peroxide* is very conveniently 
carried out by Wolff’s method, 1 preferably by means of the apparatus 
shown in Fig. 2. A current of air is propelled by a blower, or drawn 
by a filter-pump, through the flask a, which contains bromine water 
with some pure bromine at the bottom, and thence into a large conical 
flask, d, in which the filtrate containing the manganese is placed ; this 
filtrate is not previously concentrated, but is ma4e strongly ammoniacal, 

* 1 Z anal Ch*m. t 1 8 83, £2, 520, 

* ^ * 


a distinct permanganate colour is 

# 
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In this operation some manganese 
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The rubber surfaces exposed to bromine should be, as small as' possible. 
Whet; th6 precipitated peroxide is seen to have separated oufclcarly,.the 
current, of "air Is stopped ; fifteen to twenty minutes’ treatment suffices 
for even such considerable amounts of manganese as occur in pyrolusity 
or figrro-manganese. The liquid must remain distinctly ammoniacal 
from start to'finish.for the precipitation to be complete and the forma- 
tion of nitrogen bromide avoided. After the precipitation, the flask a 
is replaced by one containing ammoniacal water* and air is passed 
through the lftjuid for fifteen minutes more, when the precipitate settles 
readily ; it is then filtered off, washed with ^cold water, and ignited to 
Mn,O v 

The precipitate may be contaminated with silica, and also with 
cobalt, nickel, zinc, and alkaline earths, if present In order to check 
the presence of the latter impurities, the peroxide, before being ignited, 
is dissolved in hydrochloric acid together with a little sulphurous acid, 
freed from sulphur dioxide by boiling, and neutralised with ammonia. 
Ammonium acetate and a little acetic acid are then added, sulphuretted 
hydrogen passed in, to saturation and the liquid heated, in a closed 
pressure-flask for* one to one and a half hours, to 80” or 90". Cobalt, 
nickel, and zinc are thus precipitated ; the filtrate is boiled, rendered’ 
strongly ammoniacal, gnd again treated with bromine. The silica in the 
precipitate is deterjninfid Cafter ignition to Mn 3 0 4 ), by evaporation with 
hydrochloric add, dissolving out the manganese chloride, and filtering. 
The presence of chromium in no way affects the determination of 
manganese by this method. 

2. Manganese Sulphide Method. This method is seldom adopted, 
but it has the advantage of yielding a precipitate free from silica and 
alkaline earths. The manganese acetate solution is first treated with 
sulphuretted hydrogen to precipitate cobalt, nickel, and zinc, and the 
filtrate is made strongly ammoniacal. Yellow ammonium sulphide is 
added to the boiling solution, the boiling continued for a few minutes, 
and the precipitate allowed to settle; it should consist of green 
anhydrops manganese sulphide, and is at once filtered off atfd washed 
with water containing ammonium sulphide. The filtrate is apt to retain 
inconsiderable amounts of manganese. The filter and pibcipitate are 
burnt wet, roasted to Mn s 0 4 , and finally ignited strongly for half 
an houn 

In a complete analysis of an iron or manganese ore, the filtrate from 
the manganese sulphide can be used for the determination of the 
alkaline earths. 

’■■■■$• Manganese Ammonium Phosphate Method. This method, devised 

by Gibbs, 1 has been improved by Bottger. 2 A quantity of ammonium 

« 

1 Z \ anaL Chem 1868, *j } 101 ; Chem* News, 1868, 17, 195, 

s ift?Vi9oo, 33, loi£; Ckem , Ncws x 1900, 8 a, 247, 
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chloride, dorrespoijding to ft ye to ten times the quantity, in molecular 
proportion, of the manganese present, is added to the neutralised 
solution of the manganese. The liquid is heatetl to bojling in a 
ppreelain or platinum dish, and a considerable excess of di-sodium 
phosphate, in i* per cent, solution, added. The precipitation tafces 
place in accordance with the equation : — 

MiiC 1 2 + NH 4 Cl+ Na.,HP 0 4 - Mn(NH 4 ) P 0 4 + 2 NaCl + HC 1 . 

* . . . 

To ensure complete precipitation, the liberated acid is neutralised 

with ammonia and the liqffid heated until the precipitate changes from 
the amorphous fo*rm to glittering pink crystals. /These are filtered off, 
thoroughly washed with hot water, and ignited over the blast to 
. manganese pyrophosphate. 

Of the foregoing gravimetric methods, the precipitation of iron and 
‘alumina as basic acetates by the addition of alkaline acetates after 
neutralisation of the oxidised chloride solution, is to be recommended 
as the most practical. The manganese can then be separated from the 
cold .filtrate in a more or less pure Condition by the direct addition of 
about 50 c.c. of bromine water, which is well stirred Into the solution. 

■ After an interval of about one minute, 20 to 25 c.c. of ammonia (1 : 1) 
are added, the solution again stirred vigorously, .and then boiled for 
some minutes. The precipitate is allowed to settlq, the clear super- 
natant liquid decanted off, the precipitate collected, dissolved in a little * 
hydrochloric acid, traces of copper removed by sulphuretted hydrogen, 
any iron or alumina separated, after oxidation of the filtrate from the 
copper, as basic acetates, one or two drops of acetic acid added, and 
sulphuretted hydrogen passed through the boiling solution to precipitate 
any traces of nickel. The clear filtrate is boiled to remove sulphuretted 
hydrogen, oxidised with bromine, the manganese precipitated pure with 
ammonia, as above, filtered off, ignited, and weighed as Mn s G 4 
(Lambert). 

Chromium. — Whereas ordinary chromiferous iron ores dissolve with- 
out difficulty in hydrochloric acid, chromite (chrome iron ore) has to be 
rendered soluble by fusion. Half a gram of the latter, previously 
ground fine find sieved through linen, is mixed in a silver dish with 
5 to 6 g. of sodium hydroxide, with a superimposed layer of 3 to 4 g. of 
sodium peroxide and heated very gradually wiltlf a luminous flame. 1 
After five minutes, the edges of the sodium hydroxide should begin to 
melt, and after ten minutes the whole mass ; theTusion is then continued 
/or an hour, the melt allowed to cool and extracted with water. Silver 
is not proof to the action of sodium peroxide, and therefore nickel 

crucibles are frequently used, or, when contamination with nickel is to 

* c 

1 Spiiler and Kalman, Cfam. Zeit n 1893, 27, SSo, 1207, x$6o ; 1897, 21 , 3 ? /* drm axd Stot! 
ImL, 1 $93, ii., $37- * 0 
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be avoided, copper crucibles. 1 The solution of the melt isf yeIlo\*i or 
gre'pn, according to the amount of manganese present ; in Ac lattes case 
small quantities of sodiuqi peroxide (03 to oC g.) are added very 
gradually until the sodium maftganate colour disappears and the solution 
becomes the clear yellow cplour of sodium chromate. • To remove the 
excess of peroxide, carbon dioxide is passed into the solution for an 
hour and the liquid allowed to stand in a warm place for fifteen minutes. 
The entire residue should be flocculent, if the fusion was complete. 

Me Ivor and Dittmar 2 melt equal parts of borax and fusion mixture 
together, add 4 g. of this mixture to 05 ££ of the finely powdered ore, 
and fuse ; after cooling, 2 to 5 g. of fusion mixture are added and the 
mass fused again. The melt is transferred to a platinum dish, extracted 
with hot water, filtered, and the residue washed with hot water ; the 
filtrate is acidified with acetic acid, precipitated with lead acetate, and , 
the chromium weighed as rbCr 0 4 . 

In the case of ores soluble in hydrochloric acid, 2*0 g. are taken for 
analysis. The solution is deprived of the bulk of its farric chloride by the 
ether method (p. 9) (according to*Carnot 3 this may be omitted), diluted, 
heated to ioo°, treated with a few cubic centimetres of hydrogen per- 
oxide and an excess of ammonia, and boiled ; chromium thus remains 
in solution as ammonium chromate, whilst other heavy metals are 
precipitated. The precipitate is redissolved and the operation repeated. 
The combined filtrates are acidified and reduced with hydrogen 
peroxide, sulphuretted hydrogen being passed in to destroy excess 
of the latter. Chromium hydroxide is then precipitated by boiling 
with ammonia, filtered off, washed, ignited, and weighed as Cr 8 O r 

An alternative method, and one particularly adapted to the deter- 
mination of chromic oxide in chromite, consists in heating for one hour 
an intimate admixture of the finely ground mineral (o-2 g.) with 4 g. 
of anhydrous sodium hydroxide and 1-7 g. of magnesia. The mixture 
is preferably made in a warm dry mortar and subsequently transferred 
to the crucible. The cooled mass is extracted with a small quantity of 
boiling water, and the solution boiled to decompose the sodium 
taanganate *nd ferrate which may be present. The liquid is then 
filtered, the residue washed, and the filtrate, which shoald be yellow 
and quite clear, made up to 100 cc. Fifty cc. of the solution 
{fcfcO i g.) are then ‘acidified with a slight excess of dilute sulphuric 
ftcid, heated nearly to boiling, allowed to cool, and transferred to a 
flask containing an excess of ferrous sulphate of known strength, 
(life remaining unoxidised ferrous salt is then titrated with standard- 
ised potassium permanganate. The chromium in the remaining 50 cc* 
Of the original solution of the melt may be determined gravimetricaily, 

Cf. McKenna, Eng, aiici Min. 1*898, {#607. a Chcm. Metes, 1 900, 82, 97. 

• Z. anal Chem , ,, 1890, 29, 336. 
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after acidifying the solution* 5. nd reducing with sulphurous acid. The 
excess of the*latter is removed by boiling and the chromium precipitated 
by the addition of a slight excess of ammonia to thffe boiling solution. 
The precipitate, after being thoroughly washed, is ignited and weighed 
as Cr 2 O s . It may be examined for impurities after fusion with a small 
quantity of sodium carbonate and a trace of sodium nitrate and extract- 
ing with water (Lambert). 

Zinc. — Zinc occurs not only in pyrites cinders, but also in various 
brown haematites (especially those which have been formed by the 
oxidation of pyrites) and in products of magnetic separation. If present 
in iron ore, it is apt to give trouble in the smelting^owing to the forma- 
tion of furnace calamine. Even very small quantities are injurious, and 
their determination is a matter of some difficulty. 

, According to the commonly adopted method, iron is removed as 
basic acetate or sulphate and the zinc precipitated from the hot filtrate 
by passing in sulphuretted hydrogen in presence of acetic acid. Cobalt 
and nickel are supposed to remain In solution under these conditions, 
but this is only approximately true, and in order to obtain pure zinc 
sulphide it is necessary to resort to repeated reprecipitaiuons. 

The method is greatly improved when, as suggested by Hampe, 
formic acid is substituted for acetic acid. The following method for 
zinciferous iron ores, which often contain lead as well, has been worked 
out by Kinder. 1 Five grams of the ore are macerated with water and 
dissolved in hydrochloric acid in a capacious, covered porcelain dish, 
20 to 25 c.c. of sulphuric acid (1 : 2 by volume) added, and the whole 
evaporated until fumes of sulphuric anhydride are evolved. The residue, 
after cooling, is taken up with water, filtered, the filtrate diluted to 300 
to 400 c.c., and saturated with sulphuretted hydrogen. Copper sulphide, 
if formed, is filtered off, and 25 c.c. of ammonium formate solution and 
15 c.c. of formic acid added ; if the correct proportion of sulphuric acid 
has been used, the zinc sulphide should then separate as a flocculent, 
almost white, precipitate ; but in case an excess has been employed, it is 
safer to nefitralise the greater part of the free sulphuric acid with 
ammonia before adding the ammonium formate. Should the amount 
of zinc present*be considerable, more sulphuretted hydrogen is passed 
into the warmed liquid. If the zinc sulphide comes^ down discoloured, 
it is dissolved in hydrochloric acid, the solution ’made alkaline with 
ammonia, then acidified, an excess of 1 5 c.c of formic acid added, and 
reprecipitated by sulphuretted hydrogen as above. 

• Zinc sulphide may be weighed as such, after having been ignited in 
a boat or in a Rose’s crucible in a current of sulphuretted hydrogen. 
Or the sulphide may be dissolved in hydrochloric acid and precipitated 
in the cold with sodium carbonate. The precipitate is gelatinous, but 

1 Staklu. list* , 1896, x6, Sj5. 
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filters well; after washing four times by* decantation and fifteen times 
on -the filter it is free from salts, an'd may then be ignited* and weighed 
as ZnO. * . 

Nickei and Cobalt — Thffsc metals are precipitated ^together JL>y 
ammonium sulphide in the filtrates from the irony aluminium, and 
zinc; manganese, if present, will be precipitated with them. On 
treating the precipitate with dilute hydrochloric acid (i :6), the 
manganese sulphide is dissolved. The residual sulphides of cobalt 
and nickel* are filtered off, washed, and ignited to oxides, or else 
dissolved, and the contained metals determined electrolytically. The 
oxides must always, be tested for iron and manganese. Cobalt and 
nickel need not usually be separated, since cobalt rarely occurs in iron 
ores to any appreciable extent. Should a separation be required, it is 
best carried out either by the dimethylglyoxime method (p. 66) or r 
by the potassium nitrite method. The determination of nickel fs 
more fully dealt with in connection with the analysts of iron and 
steel {cf p. 6 5). 

Calcium and Magnesium.— These remain in the filtrates from the 
treatment with*ammonium sulphide, and are precipitated, if required to 
be determined, as calcium oxalate and magnesium ammonium phos- 
phate respectively, in the usual wa y{cf Vol. I., pp. 405-7). 

Barium. — Bariufh may be present in iron ores as heavy spar, in 
blast furnace slags as barium sulphide, and in certain manganese ores 
(psilomelane) as an isomorphous constituent. In the first two cases it 
remains with the undissolved siliceous residue, and is extracted by 
fusion with alkali carbonate. In the latter case it remains in solution 
until the calcium has been separated, and is then precipitated by 
sulphuric acid. 

Alkalis. — These may have to be determined in charcoal ashes, or 
in slags from blast furnaces using charcoal. The usual method of 
decomposing with hydrofluoric add, separating all other metals by 
means of ammonium salts, weighing as mixed sulphates, and separating 
the potassium as platinichloride, may be adopted {cf. Volf I., pp. 520 
and 529). 

Copper, Lead, Arsenic, Antimony. — These imparities can be 
determined in one and the same sample. Ten grams of the ore are dis- 
solved in hydrochloric acid, with repeated addition of a little nitric 
acid, the solution filtered and either evaporated or the bulk of the iron 
removed by the ethef-extraction method. The residue is fused with 
sodium carbonate and the extract added to the main solution. The irqp 
is then reduced to the ferrous state, and sulphuretted hydrogen passed in. 
The precipitate is washed* with dilute sulphuretted hydrogen solution 
.digested with sodium Sulphide. Antimony and arsenic sulphides 
ll^Ji^ecipitated from the ‘filtrate by hydrochloric acid, filtered off, and 
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wanned with hydrochloric aejd and potassium chlorate ; tartaric' acid, 
magnesia mixture, and ammonia are then added to the filtered solu- 
tion. On standing for twenty-four hours, the arsenic is' precipitated 
as. magnesian ammonium arsenate, whidh is ignited and weighed as 
Mg«As 2 0 7 . The* filtrate is acidified and -treated with sulphuretted 
hydrogen, the precipitated antimony sulphide ignited with repeated 
additions of nitric acid and weighed as Sb 3 0 4 ; this contains 78-97 

per cent. Sb. • # 

The black sulphides insoluble in sodium sulphide are dissolved in 
nitric acid, evaporated dowfi with a little sulphuric acid, and treated 
with alcohol. Lead sulphate is thus precipitated gnd weighed as such. 
From the filtrate, copper sulphide may be precipitated and ignited to 
the oxide, or else the copper may be separated elcctrolytically. In the 
.absence of the usual electrolytic apparatus, the following simple device, 
"described by Ullgrcn, 1 may be employed. The requisites consist of a 
small platinum dish, a glass tube 100 mm. long and 30 to 40 mm. wide, 
tied over at one end with a piece of bladder, and a long strip of zme 
25 mm. wide. The zinc is so bent thaf one end lies under the platinum 
dish, whilst the other dips into the glass tube, whidh is filled with 
saturated brine and is clamped within 6 to 8 mm. of the dish. On 
pouring the copper solution into the dish, electrolytic deposition sets in 
and is completed in from one to two hours. The’ dish is.thcn washed out 
with water without breaking the circuit, rinsed with alcohol, warmed 
for five minutes in an air-bath, and weighed. 

When arsenic is determined separately, copper, lead, and antimony 
may be determined as follows : — The bulk of the iron is removed from 
the original solution of ore after concentrating somewhat, by means of 
ether (cf. p. 9). The insoluble residue is decomposed by fusion, as 
above, the filtered extract added to the acid solution, and the whole 
evaporated to dryness, when the arsenic is expelled as the trichloride. 
On taking up with dilute hydrochloric acid and passing in sulphuretted 
hydrogen, the sulphides of copper, lead, and antimony are precipitated ; 
the subsequent operations are carried out as described. 

The determination of arsenic alone is conveniently earned out by 
Ledebur’s mettiod. Ten grams of the ore are digested, with frequent 
agitation, with 120 cc. of cold hydrochloric acid of^ sp. gr. 1-19; when 
dissolved as far as possible, 2 to 4 c - c * bromine are added, and the 
liquid warmed up gradually until nearly all the bromine has volatilised. 
The clear liquid is then poured off, the residue filtered off and washed, 
and the whole of the solution thus obtained placed in the flask a (Fig. 3), 
together with a solution of 1 5 g- of arsenic-free ferrous chloride in 60 c.c. 
of hydrochloric acid of sp. gr. 1-124; the Solution is then cautiously 
distilled over a rose-burner. When abouf 40 c - c ’ remain, 5 *-* c - c - of 
* * Z* ami* Chm 1868, % 
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hydrochloric acid arc added and the distillation continued "down .to a 
residual volume of 40 c.c. The distillate, which contains all the arsenic, 

is treated with sulphuretted 
hydrogen at about 70 ’. Afjer 
standing for several hours, 
the arsenic sulphide is filtered 
off, washed till the filtrate is 
neutraf, dissolved in am- 
monium carbonate, reprccipi- 
ttited by means of hydro- 
chloric acicf and sulphuretted 
hydrogen water, the precipi- 
tate collected on a tared filter 
paper, and washed till free, 
from chlorine. The filter fs 
then dried, allowed to cool in 
a desiccator, and the arsenic 
weighed as trisulphide,; this 
contains 60-93 per cent, of 
arsenic. 

A less fragile form of dis- 
tilling flask has been de- 
scribed by Kleine. 1 

Phosphoric Acid. — The only method now in use for determining 
phosphoric acid is by precipitation as ammonium phospho-molybdate, 
(N H + ) s PO* . 1 2 Mo0 8 . When properly carried out, it is one of the most 
accurate determinations known. In order to secure correct results, 
however, it is necessary to take into account the conditions under which 
quantitative precipitation takes place. The various points to be con- 
sidered have been summarised and the results of Fresenius and others 
confirmed by Hundeshagen ; 4 his main conclusions are as follows : — 

(1) Free hydrochloric or sulphuric acids, free nitric acid (over 80 
molequles to 1 molecule of phosphoric acid), and salts of poly basic acids 
(especially sulphuric and boric acids) prevent complete precipitation. 

(2) Free nitric acid (26 to 80 molecules per molecule of phosphoric 
acid) retards precipitation. 

(3) Free nitric 'atid (less than 26 molecules) and salts of monobasic 
acids (chlorides, bromides, etc.) have no harmful action. 

(4) Ammonium nitrate greatly accelerates precipitation, so much so 
that o-S g. brings down all the phosphorus, unless present in mere tracqp, 
In a few minutes. 

(5) High temperatures* favour precipitation. With only 0-05 g. of 

1 Stahl u. Jiisen, 1904 * 24 , 2 ^ 8 . 

2 Z. anal. Chem., 1889, 28, 141 ; Crum. News, 1889, 6o, *69, 177. 




, • 

■ORES: PHOSPHORIC ACID 23 

phosphoric acid in ioo.c.c., tjoe precipitate is instantly formed' at boiling ‘ 
temperature? especially on rubbing with a glass rod. Precipitates from 
hot solutions arc crystalline and filter better thryi these from cold 
solutions. * 

(6) There must be at least twice as _much molybdic acid as^ is 
theoretically required — that is, at least 24 molecules to 1 of phosphoric 
acid. 

(7) Cold water, vtry dilute acids, and solutions of ammonium salts 

have a slight solvent action on the precipitate. • ' 

It is important that the*liquid to be precipitated should be free from 
silicic acid, sined this yields a compound with molybdic acid closely 
resembling the phospho-molybdate. Also, the "phosphorus must be 
present wholly as phosphoric acid, since the lower oxides of phosphorus 
are not completely precipitated. After drying at 130'’ to 150°, the 
* ‘precipitate consists of (NH 4 ).,P 0 4 . 12M0O3, and contains 3-782 per cent. 
P 2 0 5 , or 1-651 per cent, of phosphorus. 

Limonite must be ignited before solution to remove the organic 
matter which is always present, as Ah is interferes with the complete 
precipitation of the phosphoric acid. • 

The determination of phosphorus is carried out as follows : — From 
0-5 to 10 g. of the sample are weighed out according to the approximate 
proportion of phosphorus present ; for basic siag»o-5 g. ; for calcareous 
ironstone, limonite, pea iron ore, and puddle slag 1 g. * for red and brown ^ 
haematites and magnetic ores 5 g. ; and for ores for Bessemer pig 10 g. 
The ore is dissolved in concentrated hydrochloric acid, the solution evapo- 
rated to dryness, taken up with hydrochloric acid and evaporated down 
again, and the residue digested with 10 to 20 c.c. of nitric acid of sp. gr. 1-2. 
After diluting, warming, and filtering, and washing the residue with 
water containing nitric acid, the volume of the liquid should not exceed 
20 c.c. if I g. of the sample was taken, or 50 c.c. for larger quantities. 
The solution is then neutralised with ammonia, 1 g. of ammonium 
nitrate added, the liquid heated to boiling, and precipitated with 25 to 
50 cc. of molybdic acid solution (prepared as described on p. 2) The 
precipitation may be regarded as complete after standing for half an 
hour at 70°*to 8o n . The phospho-molybdate is then filtered off and 
washed till free from iron with water containing 5 per cent, by volume 
of concentrated nitric acid. As the precipkarte is apt to retain 
traces of iron, v. Reis 1 recommends decanting off the supernatant 
liquid, washing the precipitate on to the filter, and paying special 
attention to the washing of the edges of the latter. The precipitate is 
further purified by means of 15 c.c. of citrate solution (10 g. of citric 
acid and 100 c.c of ammonia of sp. gr. 0-91 made up to a litre), which is 
added gradually from a pipette, an^ is then dissolved in warm dilute 
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ammonia; -the solution is collected in the* vessel in which the original 
precipitation was effected, and the filter' paper washed 'with a 2-5 
per cent, solution of^ammonia. Hydrochloric acid is added to the solu- 
tion thus obtained to just short of reprecipitation, then 2 c.c. of 
magnesia mixture and onc-third of the whole volume o£ ammonia; the 
liquid is well-stirred and allowed to stand for fifteen minutes. Very 
small amounts of phosphate may need longer standing ; in any case, the 
precipitate should settle clearly out of the liquid. The. magnesium 
precipitate is*filtered off, washed with dilute ammonia, burnt wet in a 
platinum crucible, ignited till perfectly white* and weighed as Mgj\,0-. 
If it is not quite white, a few drops of nitric acid' may be added, 
evaporated off, and the ignition repeated. 

In the case of an arsenical ore, certain precautions are necessary, 
since both the molybdate and the magnesium precipitates will contain 
arsenic. If there is but little arsenic, advantage may be taken of the 
fact that magnesium ammonium arsenate requires much more time to 
separate out — at least twelve hours — than the phosphate. When an 
appreciable proportion of arsenio is certainly present, the magnesium 
precipitate is dissolved in hydrochloric acid, sulphuretted hydrogen 
passed in at 70°, the arsenic sulphide filtered off, the filtrate boiled down 
with a little potassium^ chlorate and reprecipitated with magnesia mixture. 

Titanium, if present, -also gives a precipitate with molybdic acid. 
In this case the ore is fused with four times its weight of fusion mixture 
"and the melt extracted with water, when titanium dioxide remains 
undissolved. The filtrate is freed from silica by evaporation with 
hydrochloric acid, and is then treated as above. 

As an alternative to conversion into magnesium ammonium phos- 
phate, the molybdate precipitate may, as proposed by Finkener, be 
weighed directly. For this purpose the ammoniacal solution is evapor- 
ated till nearly free from ammonia, an adequate quantity of dilute 
nitric acid added, and the evaporation continued. When the mass 
becomes pasty, it is cautiously taken to dryness over an asbestos sheet 
or wire gauze, and heated to 1 30° to 1 50° until a watch-glass laid on the 
dish shows »o sublimate after half a minute. The residue is then 
allowed to cool in a desiccator and weighed. 

Ores containing heavy spar must invariably be treated by fusion or 
by solution in acid and subsequent fusion of the residue, since the latter, 
according to v. Juptner, sometimes retains more than half of the total 
phosphorus. * 

The following is a brief description of the method of determining, 
the phosphorus in iron ores in use at the laboratory of the Monongahela 
‘Furnace McKeesport, P.A. 1 - 

, 3 t*om 2 to $ g. of the ore are digested with 75 to 1 50 cc. of concentrated 

1 Methods of Iron Analysis, p. 12 (see Literature, p. 89}, 
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hydrochloric acid and the sol M ion evaporated to hard dryness. -About 
ioo, c.c. of Strong hydrochloric acid are poured on the residue and the 
mixture boiled until the solution is concentrated, to about- half this 
volume ; water is then added and the diluted solution filtered, keeping 
the volume of the filtrate as small as is convenient. The solution is 
then evaporated with nitric acid until the hydrochloric acid is driven 
off. The insoluble residue is ignited and the silica driven off with 
hydrofluoric .acid. The residue is fused with sodium carbonate, dis- 
solved in nitric acid, and the solution filtered into the main solution. 
The whole is then placed* in a 500 c.c. Krlcnrneycr flask and dilute 
ammonia added flntil the solution becomes pasty ayd smells ammoniacal; 
the precipitate is then dissolved in a slight excess of nitric acid, and the 
solution heated up to 80 , when 40 c.c. of the molybdate solution are 
. added. The solution is agitated by a current of air for about five 
‘minutes, filtered, while still warm, on a tared filter paper, and after wash- 
ing thoroughly with distilled water the yellow precipitate of phospho- 
molybdatc of ammonia is dried and weighed ; or, it can be dissolved in 
ammonia and the contained phosphorus estimated. 

Sulphur (Sulphides) and Sulphuric Acid (Sulphates). — These are 
determined together. In presence of an excess of ferric chloride in 
solution, small precipitates of barium sulphate separate with difficulty 
and often contain iron {rf Vol. I., pp. 273-5). *It is therefore prefer- 
able to decompose the ore by fusion rather than to dissolve it in acid,. 
Three grams of ore are mixed with an equal quantity of sodium car- 
bonate containing 10 per cent, of potassium nitrate, gradually heated 
to a red heat in a platinum crucible, and fused for some time. The melt 
is extracted with hot water, the filtrate evaporated to dryness with 
hydrochloric acid, the residue taken up with hydrochloric acid and hot 
water, the silica filtered off, the clear acidified solution precipitated 
with barium chloride, and the total sulphur weighed as barium sulphate 
in the usual way. 

Titanium. — The determination of titanium, which frequently occurs 
in Swedish and Norwegian magnetic ores, is somewhat complicated, but 
has been facilitated by the introduction of the ethcr-sepanatinn process. 
The following method, described by Ledebur, is employed to a consider- 
able extent: — 

Five grams of the ore are dissolved in hydrochloric acid, when 
part of the titanium is left behind in the residue. The solution is 
extracted with ether to remove the iron, as described on p. 9. Phos- 
, phoric and titanic acids remain in the aqueous solution, though the 
latter may separate out in fioccuient particles. Meanwhile the residue 
is melted with fusion mixture, the silicsr separated in the usual way, 
ignited, and evaporated with hydrofluoric acid, any residue of titanium 
dioxide being again treated with fusion mixture. The original solution 
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and the extracts of the two melts arc then united, neutralised, aud 
boiled with sodium acetate, whereby any residual iron, tiffeether with 
alumina, phosphoric acid, find titanic acid, are separated from the 
chlorides of the other metals •present. The basic acetate jarccipifeit^, 
aftqr washing with hot water, is again fused with fusisn mixture ami 
lixiviated ; the residue then contains ferric oxide, alumina, and all the 
titanic acid. It is* washed, dried, and again fused with not less than 
twelve times its weight of acid potassium sulphate* until twery particle 
is dissolved. * The melt is dissolved in cold water, treated with sulphur- 
etted hydrogen, filtered from any precipitate of copper or platinum 
sulphide, and boiled 4 in a conical flask for an hour. The titanium 
dioxide is thus precipitated and is filtered off, washed, dried, ignited, 
and weighed. 

Ledebur has more recently (1908) proposed to separate the bulk of 
the iron from titanium by reducing the ore in a current of hydrogen ' 
and dissolving the metallic iron formed in sulphuric acid (1 140); the 
silica in the residue is then removed by treatment with hydrofluoric 
acid. Trulot and Riley 1 have, however, shown that it is necessary to 
evaporate with sulphuric acid, and ignite, as otherwise titanium is 
volatilised as the fluoride TiP 4 . 21 1 F. The titanic acid is then dissolved 
by fusion with acid potassium sulphate, the melt dissolved in water, and 
the titanic acid precipitated by prolonged boiling. Any ferric iron 
present is reduced to the ferrous condition by passing sulphuretted 
hydrogen into the solution, whereby any precipitation of basic sulphate 
is prevented. Should the ore contain more than cm per cent, of 
phosphoric acid, the residue, after treatment with hydrofluoric acid, is 
fused with sodium carbonate, or otherwise the phosphoric acid would be 
precipitated with the titanium. The aqueous solution then contains the 
whole of the phosphoric acid, whilst the titanic acid remains in the 
residue and is fused with acid potassium sulphate. 

Tungsten. — Iron ores proper scarcely ever contain tungsten, but it 
may occasionally be necessary to determine this metal in wolframites. 
The first step is to bring the mineral into a soluble form ; this can be 
readily effected, according to Hempel* by fusing one part of the finely- 
powdered sample with four parts of sodium peroxide in a diver crucible, 
when a melt soluble in water is obtained in a very few minutes. The* 
filtered extract is bofled with an excess of nitric acid, and the precipi- 
tated tungstic acid filtered off, washed, ignited, and weighed ; it is then 
evaporated with hydrofluoric acid, ignited, and weighed again ; the 
difference represents the contained silica. Should tin be present, the » 
'fixture of acid oxides is fused with potassium cyanide, the aqueous* 
extract filtered from reduced- tin, and the tungstic acid precipitated as 
before. 

1 Stahtu. Smn r 1906, 26, $S. 

I 
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When arsenic and phosjJhorus are present, Bullnheimer* adopts the 
following ifiethod: — About*3 g. of sodium hydroxide are added in the 
sodium peroxide fusion, and any permanganate which fhay’be present 
in .the extract reduced with hydrogen peroxide. One " half of the 
filtrate from th* extract is treated with 20,g. of ammonium nitrate, the 
silica and stannic acid allowed to settle out, and then magnesia mixture 
added. If the settling is omitted, some tungsten will come down with 
the magne^um precipitate. The filtrate is then rendered faintly acid 
with nitric acid and 20 to 30 c.c. of mercurous nitrate solution (200 g. 
mercurous nitrate and 2o«.c. of concentrated nitric acid made up to a 
litre) added. After standing for a few hours, anynonia is added nearly 
to neutrality ; an excess of mercuric oxide suspended in water is pre- 
ferred by some for the neutralisation (Lambert). The precipitate is then 
allowed to settle, filtered off, washed with water containing mercurous 
nitrate, ignited, and weighed. The mercurous nitrate should,, of course, 
leave no residue upon a blank ignition of a sample of the solid salt. 

Carbonic Acid. — If required, this may be estimated by the loss of 
weight on treatment with acid in % Schrotter’s or similar apparatus. 
For a more accurate method, see Vol. I., p. 148. * 

Fluxes are analysed by the same methods as ores. In determining 
calcium and magnesium, which are present in considerable quantity in 
fluxes, it is advisable to weigh out quite small quantities of the finely 
ground and intimately mixed sample; for the other constituents, of 
which the percentage, as a rule, is low, x to 3 g. should be taken. 

Slags. — The analysis of slags does not necessitate any exceptional 
treatment. Highly ferruginous refinery slags behave like difficultly 
soluble ores. Basic slags owe their value to a high content of 
phosphorus, and are often assayed for this constituent alone, the method 
given on p. 23 being carried out on small quantities of material ; 
when many analysis are required, a centrifuge will be found useful. 
The determination of citrate-soluble phosphorus is described in the 
section on “ Artificial Manures,” p. 400. 

Full analyses of blast furnace slag are- frequently required, and are 
carried out like any other silicate analysis, except thatialkaline fusion 
is unnecessary. The slag contains a certain amount of sulphur as 
barium, calcium, and manganese sulphides, and this is determined by 
the sulphuretted hydrogen method as applied to cast iron (p. 80). 

The shortened method of analysis of blast furnace slag, described 
by Textor,® is not quite accurate, but suffices for most purposes. Three 
samples of the slag are weighed out: No. 1, of 1-325 g., for the 
determination of calcium and magnesium ; No. 2, of 0-5 g., for silica 
and alumina ; and No. 3, also of 0-5 g.,«for sulphur. Nos. x and 2 are 

1 Chem. Zeit., 1900, 24, 870 ; JTIrcn and Steel Inst., 1901, i., 529. 

*Ji anal, and applied Chem 1893, 7, 2% 
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each stirred* up with 25 c.c. of boiling watt*, together with 25' ex. ary,! 
10 c.c.. respectively of hydrochloric acid (1 : i}, and boiled, with continual 
agitation, until* dissolved. No. 2 is oxidised with a little nitric acid, 
'evaporated to dryness, and heated to drive off hydrochloric acy.1. Ntx 1, 
is similarly oxidised, diluted to 300 or 350 c.c., treatcd*with 25 c.c. of 
strong ammonia (which is added very gradually, to avoid precipitation 
of magnesia), and made up to 530 c.c. Two hundred and fifty c.c. 
of the filtrate, corresponding to 0-625 g. of slagr are tafcen for the 
determination*of magnesium, and 200 c.c., corresponding to 05 g., 
for that of calcium. Both portions arc boiled ^vith 25 ex. of ammonium 
oxalate solution ; the portion for the magnesium estimation is then cooled 
and made up to 300 c.c., whilst that for the determination of the calcium 
is filtered, the precipitate washed, dissolved in sulphuric acid, and 
titrated with potassium permanganate. Of the diluted magnesium 
portion, 240 c.c., corresponding to 0-5 g. of slag, arc filtered off, and 
poured into 10 c.c. of sodium phosphate solution and 10 c.c. of strong 
ammonia contained in a beaker; precipitation is aided by blowing air 
through the liquid for ten minutes. 

Meanwhile all "the silica in sample No. 2 will have been rendered 
Insoluble. The residue is digested with 15 c.c. of concentrated hydro- 
chloric acid. During this time the ammonium magnesium phosphate, 
precipitated as aboye, i 3 filtered off, washed, ignited, and weighed with 
the usual precautions. The residue from No. 2 is then taken up with 
hot water, boiled, and filtered, and the silica washed, ignited, and 
weighed Alumina is precipitated in the filtrate with ammonia. Iron 
is usually a very minor constituent, and is included with the aluminium ; 
If it be present in considerable quantity, a separate sample of the slag 
is assayed for iron volumetrically. Manganese, if present, will, for the 
most part, go into the magnesium precipitate; the method is not 
applicable to the more manganiferous kinds of slag. Finally, sulphur 
is determined in sample No. 3, by suspending it in 150 c.c of hot water, 
adding starch solution and 15 c.c. of standard iodine solution (1 c.c.«o-j 
per cent.of sulphur), then 30 c.c. of concentrated hydrochloric add, and 
titrating back the excess of iodine. 

Volumetric Analysis. 

Iron. — The volumetric determination of iron is based on a process 
either of reduction or of ‘oxidation by means of a standard solution. 
;;fe>n ores never yield a wholly ferrous or wholly ferric solution in the 
|i^inary way, so that titration has to be preceded either by complete 
bStMation or reduction as tfte case may be. The most important 
Ipthods are Oxidation, either with potassium permanganate or 
pehrqmate, and reduction witjp stannous chloride. 
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•• i. Pernnxnganatc JMclhott. The dccolorisation of potassium perman- 
ganate by ferrous salts is a very Sharp and delicate reaction'; it. takes 
place according to the following equation : — * 

* 10F0SOJ+ 2KMn0 4 + 8ILSO* == sFe ;i (S0,) 3 + K ;! S0, 1 + 2MnS0 4 + 8H 2 0. 

* V 

Iron, in the ferrous condition, can thus be determined by adding 
permanganate, until a faint pink colour becomes permanent. One c.c. 
of an exactly decinormal solution of potassium permanganate would 
correspond to 5-585 mg. of iron; in practice, a solutron containing 
about $ g. per litre is madt up. Permanganate solutions were formerly 
regarded as unstable, but it is now known that if they are boiled 
when made up, and then protected from light, tliey remain unchanged 
for months ( cf Vol. I., p. ioi). 

The standardisation should take place under the same conditions as 
the actual application. For this purpose iron wire was formerly 
employed, which was assumed to contain 99-7 to 99-8 per cent, of 
iron, but its use is now entirely discredited ; electrolytic iron, as 
recommended by Classen, Treadwell, and others, is inconvenient to 
prepare, and has also been proved to be unreliable in regard to its purity 
(cf. Vol. I., pp. 106-8), The most trustworthy substance as a basis 
for the standardisation appears to be sodium oxalate, originally pro- 
posed by Sorensen 1 (cf Vol. I., p. 105). Thfs salt is not hygroscopic, 
and is manufactured in a chemically pure form \>y Kahlbaum. 
weighed quantity of it (after drying in the steam-bath, if extreme 
accuracy be desired) is dissolved in water, acidified with sulphuric acid, 
heated to 70', and titrated with the permanganate solution, 010 g. 
of sodium oxalate corresponds to 14-93 c.c. of an exactly decinormal 
solution of permanganate. Iron wire can also be used as a basis for 
the standardisation of permanganate, provided its content of iron has 
been previously determined by means of a permanganate solution 
standardised by sodium oxalate; the details of this method are fully 
described in Vol. I., pp. 105-8. 

The determination of iron by means of permanganate is best carried 
out in solutions containing no acid other than sulphu^c. Wherever 
possible, therefore, ores for assay should be dissolved in sulphuric acid ; 
if this be not feasible, the sample is dissolved in hydrochloric acid and 
the solution evaporated with sulphuric add. Carbonaceous ores, bog 
ores, etc, must be previously freed from organic matter by roasting. A 
solution of 0-5 to i-o g. of ore is prepared and the iron reduced to the 
ferrous condition by means of a piece of zinc (free from iron and carbon) 
wrapped round with platinum ; reduction is complete when no coloration 
is produced by potassium thiocyanate. 2’ he solution is then made up 
to 100 c.c. with boiled water, and portions of 20 «.c titrated. 

1 Z. anal. CJ>m., 1897,36, 639; 1903,^2, 333; 190$. 44. 1S6. 
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Zinc dust, which has the advantage of aCfring almost instantaneously, 
is sometimes recommended as a reducing agent. In this case .the 
solution must hot approach neutrality, for then iron hydroxides may be 
precipitated"; on the other hand; any large excess of acid tenc^i to retard 
the^iction of the zinc. It is,always necessary to makc*a blank deter- 
mination of lfon in the zinc dust 

According to Carnegie, 1 the reduction is advantageously effected by 
covering the bottom of a narrow beaker with zinc dust, previously passed 
through a mttslin bag, and a measured volume of the iron solution, 
nearly neutralised with ammonia, added ; afteP vigorous stirring, a known 
volume of dilute sulphuric add is introduced and the liquid again well 
stirred. An aliquot part of the clear solution is then withdrawn by 
means of a pipette provided with a filtering extension over the nozzle. 
C. Jones 2 recommends preferably the use of a reducing tube consisting 
of a glass tube tied over at the bottom with muslin and charged with 
zinc dust which has passed a 40 to 60 mm. mesh sieve. An iron 
solution is fully reduced after being poured through once or oftencr, 
and is then ready for titration ;*a specially designed tube may. be 
employed, which holds 300 g. of zinc and serves for sixty reductions. 3 

It is, in general, advantageous to circumvent the tedious prepara- 
tion of a purely sulphuric solution of iron ore. Hydrochloric acid 
solutions do not always letid themselves to titration with permanganate, 
since the acid may react with production of free chlorine according 
to the equation : — 

KMn 0 4 + 8HC1 = KC 1 + MnCl, + 5CI + 4 H, 0 . 

With a small excess of free acid, a very dilute solution, and low 
temperature, the titration may, however, be carried out without danger 
from this secondary reaction ; in any case, the formation of chlorine is 
easily detected by the smell. The danger is entirely obviated when a 
large excess of manganous salt is present. A point greatly in favour of 
hydrochloric solutions is, that they can be reduced with stannous chloride 
instead qf with zinc. 

This methed, as worked out by Kessler 4 and improved by Reinhardt* 
is as follows : — The solution of iron ore in hydrochloric acid iS decolorised 
at boiling temperature by stannous chloride, and 60 c.c. of an aqueous 
solution of mercuric clil5ride added to remove the excess of the reducing 
agent ; the solution is diluted, and 60 c.c. of an acid solution of 
manganous sulphate added. The titration with permanganate then 

1 /* Chem. Soc^ 1888, 53, 468* 2 Cheiru News , 1889, 60, 93* 

* Chem n 1890, 29, $9 ; /. Atyer. Chem* Soc^ 1899, 21, 723, 

* Iron and Steel Inst., 188 p. 299. 

* Stahl u* Men, 1884, 4, 704 ; 1889, 9, 54 ?/ Iron and Steel Inst, 1889, i, 400 } 1900, 
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p^pcccds -smoothly and accurately. Since the ferric chloride produced’ 
is apt to m.'fsk the cnd-rcactfon, it is well to add phosphoric add, which 
yields colourless ferric phosphate. Reinhardt’s solutions* are made up 
in the follqjving concentrations: — Potassium permanganate 6*g., mercuric 
chloride 50 g., and stannous chloride containing 30 g., of tin, per lijre. 
The manganous sulphate solution is made up with 665 g. df manganous 
sulphate, 33 3J cc. of phosphoric acid (sp. gr. 1-3) and 133 c.c. of strong 
sulphuric acid in theatre. 

The strength of the permanganate solution should always be fixed 
by means of ferric oxide o*of an iron ore of known iron-content ; this 
is dissolved, rcdiitcd, and then titrated, as above. 

Experiments made to determine the influence of copper, arsenic, 
chromium, nickel, titanium, lead, and antimony on the determination 
of iron by this method have shown that only antimony has an 
•appreciable influence on the results ; as this metal only occurs in 
iron ores to a limited extent, this influence is not regarded as 
important. 1 

2. Bichromtitc Method, Whereas Hie volumetric estimation of iron 
with potassium permanganate necessitates special conditions in presence 
of hydrochloric acid, and is also affected by the presence of organic 
matter, which is frequently contained in ores or .generated as hydro- 
carbons from alloys, the volumetric estimation of iron with potassium 
bichromate is free from these drawbacks. An external indicator is . 
required in the titration, since the end-reaction between the yellow 
bichromate and the green chromic chloride solutions cannot be observed 
directly. The oxidation takes place according to the equation : — 

6FeO + 2CrO„ « 3Fe a O g + Cr 2 O g . 

To carry out the determination, the ore is dissolved in hydrochloric 
acid, reduced with zinc or with stannous chloride, the excess of the 
latter removed with mercuric chloride, the solution diluted somewhat, 
rendered strongly acid with dilute sulphuric acid, and titrated in aliquot 
portions with potassium bichromate solution. A drop of the solution is 
taken out and mixed with a drop of very dilute potassiurruferricyanide 
solution from time to time during the titration ; a blue, and then a green, 
coloration is produced so long as any iron remains unoxidised ; after 
the oxidation is complete, the colour will remakf pure yellow. The 
approximate quantity of bichromate required is first determined by a 
preliminary titration ; one or more further titrations are then made, the 
test for the completion of the reaction being made by adding the 
tuchromate solution in quantities of o-i c,c. at a time. 

The standard solution is quite permanent, 'and is made up by 
dissolving 4-90 g. of fused potassiuqp biohromate in a litre of water. 

- 1 CL Stahl u. Eisen , 1908 , 2 ^ 508 . 
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One e.c. of this solution is — 5-585 mg. Fe. * *The strength of the solution 
should he checked by incans of a standartf ferric solution. * 

3. St mmoles Chloride Method. Since standardisation by means of 
iron wire is unreliable, either ‘chemically pure ferric oxide pr an oxiife 
of % ascertained iron-content is used for fixing the *strcngth of the 
solution. The former may be prepared according to the method 
described by Wdowiszewski. 1 A simpler plan, however, is to stock a 
large quantity of some pure iron ore, and to estimate J.hc contained 
iron accurately by quantitative determinations. For each standard- 
isation 5 g. of the ore are dissolved, mad# up to 100 c.c. and 20 c.c. 
(=1 g. of ore) titrated. The most suitable materiaf is magnetic ore, 
as it is not hygroscopic ; red haematite has a tendency to take up 
moisture when powdered. Ferric chloride solutions should not be 
used as the basis for standardisation, since they do not keep without 
undergoing change. 

The ore is dissolved in concentrated hydrochloric acid, carefully 
oxidised with potassium chlorate, the solution freed from chlorine by 
boiling, and made up to a definite volume, aliquot parts of which are 
titrated with tbre stannous chloride solution. To make up the latter, 
granulated tin is heated with concentrated hydrochloric acid until the 
evolution of hydrogpn ceases, and the liquid diluted with nine volumes 
of hydrochloric acid (n :^) The strength of this solution can under no 
circumstances be regarded as constant, but rapid oxidation can be 
avoided by storing it in a bottle having a tap at the bottom and con- 
nected at the upper end with a supply of coal gas or hydrogen. The 
titration is carried out at boiling temperature, in presence of a consider- 
able excess of hydrochloric acid. The reaction is as follows: — 

2FeCl 8 + SnCl 2 = SnCl 4 + zFeCq. 

With practice it is quite easy to titrate from the yellow ferric solution 
to the colourless ferrous solution without further aids, but the reaction 
slows down somewhat towards the end, so that time must be allowed 
for the stannous chloride to react. An alternative and safes method is 
to add* stanqous chloride in slight excess, cool, dilute, add starch paste, 
and titrate back with standard iodine solution. The latter is made up 
by dissolving about 10 g. of iodine in potassium iodide solution and 
diluting to 1 litre, and is standardised against the solution of stannous 
chloride. 

For the actual determination, from 2-5 to 5-0 g. of the ore are dis- 
solved as above, the solution made up to 100 c.c., and 20 c.c. (=05 to i-q 
g. of ore) taken for the titration. A preliminary titration is first made, 
to ascertain about how much stannous chloride is required for the 
reduction ; in the final titration tt^p bulk of the stannous chloride solu- 
1 Stahl u. Eisen , 1901, 21, 816 ; J, Iron and Steel Inst,, I90P, ii., 521. 
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tion is addpd at once, and tlja estimation completed by the subsequent 
addition of small portions at it time. . 

I he titration can also be effected by using' sodiuiji molybdate as an 
external indicator ; 1 a minute excess of stannous chloride reduces the 
molybdate and gives a blue coloration. 

4. Determination <f Ferrous and Ferric Iron. When iron is present 
in an ore in both stages of oxidation, there is no difficulty in determin- 
ing firstly thejerrous Iron, and secondly the ferric iron, by one or other 
of the above methods. I his can be done either on one ai*d the same 
portion of the sample, or on separate portions. 

The solution must be made up so as to avoid any oxidation through 
contact with air. For this purpose the method proposed by Jahoda 2 
for dissolving standard iron 

# wire may be adopted. The 

* ore is placed, together with a 
pinch of sodium bicarbonate, in 
the flask a (Fig. 4), acid poured 
in, and a cork fitted with a glass 
tube bent twice at right angles 
inserted. The open end of the 
latter dips into a beaker, b , 
containing a dilute solution 
of sodium bicarbonate. When 
solution is complete and the 
flask is allowed to cool, some 
of the bicarbonate sucks back, 
but is prevented from filling 
the flask owing to the evolu- 
tion of carbon dioxide ; this is 
repeated as the cooling pro- 
ceeds, so that a solution of ore 
in an atmosphere of pure carbon dioxide is finally obtained. The 
Contat-Go*kcl bulb (see Vol. I., p. 106) acts on the same principle 
and is much more compact. 

Manganese. — The most commonly used volumetric methods for 
manganese are based on the following reaction, which was first applied 
by Guyard 3 

3Mn0 + Mn a 0 7 a SMnO a . 

Owing, however, to the acidic nature of manganese dioxide, it has a 
great tendency to form compounds with manganous oxide, such as 
Mn0.5Mn0 2 ; consequently the above reaction never quite holds good, 

1 Cf. Zengelis, Ber., igor, 34, 3046 \mj. SocTCAem. Ini.-, 1901, 20, 840. 

* 8 ^ <**£**». Chem,, 1889, 2, 87. * Qtem, News, 1863, 8, 293. 

11 1 C 
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and the value of a standard solution cannot be deduced from 'its content 
of permanganate, but must be ascertained* empirically. 

According to some methods, the manganese is first separated as 
dioxide, this redissolved as a manganous salt, anti t grated with 
permanganate. In others* iron is removed and the filtrate titrated 
directly, either with or without adding an excess and titrating back. 
The following method is that of Volhard, 1 2 modified by N. WulflV- 

In this method all the manganese must be ’present 4 as manganous 
oxide and afl the iron as ferric oxide, in hydrochloric acid solution. The 
iron is precipitated by means of zinc oxid^and the manganese titrated, 
without filtering, at a temperature of So°, with standafd permanganate. 

The permanganate solution is made up by dissolving 9 g. in ioooc.c. 
Its value is determined by reducing, say, 30 c.c. of the solution itself, by 
means of hydrochloric acid, to manganous chloride, neutralising with zinc 
oxide, and titrating at 80" As the result of numerous investigation^, 
carried out independently and with solutions of different concentrations, 
it was found that 100 c.c. of the reduced solution require 66 c.c. for 
titration, as against 66-66 c.c. calculated from the equation given above. 
When the exaet permanganate content of a solution has been deter- 
mined by means of sodium oxalate, its value for the estimation of 
manganese is thus .ascertained. Whilst this correction is still fairly 
generally accepted, - more recent investigations by De Koninck 3 
indicate that the'reaction does proceed exactly in accordance with the 
equation given above ; the factor 0-2952 for the conversion of the iron- 
value of the permanganate solution to the value for manganese is 
therefore applicable. 

To carry out the determination in the case of ores and slags, which 
leave a manganese-free residue on treatment with hydrochloric acid, 
I g. is weighed out for ores containing up to 20 per cent, of manganese, 
and 0-5 g. for those containing 20 to 50 per cent. The sample is 
weighed into a litre conical flask, digested with 20 c.c. of hydro- 
chloric acid (sp. gr. 1-19), and boiled, with the addition of 3 g. of 
potassium chlorate, until all chlorine is expelled. Ores no? answering 
to this description are evaporated in a covered porcelain dish with 
^ hydrochloric acid and a little chlorate until the separated silica has 
become granular, the residue digested with hydrochloric acid and 
filtered. The residue from the filtration is then fused with mixed 
carbonates, and the melt subjected to the same treatment as the 
. original material. The combined filtrates should be evaporated to 
100 c.c. if necessary. In all cases three samples should be dissolve^ 
and the solutions finally collected in litre conical flasks. 

1 Chan, News, 1879, 40, 207, 

2 /« Iron and Skel Ins 4 * 1885? p. 301 ; Stahl u. Eiscn, 1890, II* 377* 

8 Bull. Sac. Chim . 1904, 18, 56 ; Chtm* Centr 190# L, 1429* 
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JVhcn 'the substance contains little iron and much phosphorus or 
arsenic (r,^.,T>asic slags), sufficient iron must be added to endure the 
precipitation of all the phosphoric and arsenic acids. > The Iroif is added 
cither in thQ form of mangancsc-frcc oxide or chloride, or else 0-5 g. of 
iron ore of known manganese content is dissolved with the sample. 
The solutions are tested for ferrous iron with potassium ferricyanidc, 
and, if necessary, oxidised with hydrogen peroxide; they are then 
boiled so as to obtain all the manganese in the manganous condition. 
The iron is precipitated with pure ignited zinc oxide suspended in 
water, which is added in ‘small portions at a time, with thorough 
agitation, until <fll the iron is just precipitated ; the end-point is 
indicated by the sudden coagulation of the ferric hydroxide. At this 
stage the supernatant liquid will still have a brownish colour, but will, 
# as a rule, clear to a water-white solution on shaking ; until this condition 
Is attained, further small quantities of zinc oxide are added, if required, 
and the liquid heated. The precipitate must not contain much zinc, 
and must show the brown colour of ferric hydroxide; considerable 
excess of zinc oxide leads to low results. Any milkiness due to zinc 
oxide affects the end-reaction, and should be rcmoved«*by the cautious 
addition of dilute hydrochloric acid. The liquid is then diluted to 
400 c.c. (which is taken as the uniform volume for qll titrations), heated 
to 8o‘, and standard permanganate added in 'quantities of 5 c.c at a 
time until a red coloration persists on shaking. Suppose 5x5 c.c. ( = 25 
cc.) to have been required. The second portion of the solution is 
similarly precipitated and titrated by adding 20 c.c. of permanganate 
and completing the titration with 1 c.c. at a time, when, say, 23 c.c. are 
required. In the final solution, 22 c.c. of the standard solution are run 
in at once, and portions of 0-2 c.c. added until a red tint is attained 
equal to that produced by o-i c,e. of permanganate in 400 c.c. of water. 
It is well to have a flask of water thus coloured at hand ; the tints are 
never quite the same, but can be equalised sufficiently for practical 
purposes. If, for example, 22-6 c.c. are required to reach this end- 
reaction, they are counted at 22-5 c.c. in calculating the result. 

After each addition of the standard solution, the flask is,well shaken 
and the contents allowed to settle sufficiently to show the colour of the 
supernatant liquid. This is facilitated by the use of the special stand 
shown in Fig. 5. 

The three separate determinations, as described above, are only 
necessary if the manganese content is previously unknown ; if the 
proportion is known approximately, two determinations, or even one, 
will suffice. When carried out as above, the method is fairly rapid. 

The majority of other metals likely to» occur in iron ores do not 
affect the accuracy of this method * appreciably,* as they are usually 
present only in small quantities. Copper is. completely precipitated by 
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the zinc 'oxide as hydroxide. Nickel and lead are apt to 'cause J>i«h 
results "when present in considerable quantity; cobalt add chromium, 
however; haVe this effect even when present in very small amounts. 
In order to remove cobalt, nickel, and lead, the hydrochloric solution 
o£ the ore is treated with an excess of ammonia and ammonium 

sulphide, and then rendered 
slightly acid with hydro- 
chloric acid ; .after filtering, 
boiling, and oxidising with 
•potassium chlorate, the solu- 
tion is reJldy for the deter- 
mination of the manganese. 
When chromium is present, 
it is best to precipitate all 
the manganese by the chlor- 
ate method (p. til), dissolve 
the washed peroxide in hydrochloric acid, boil, neutralise with zinc 
oxide, and titrate. Tungsten is oxidised to tungstic acid, and remains 
in the residue cm filtration. 

The following further methods have been proposed for the volu- 
metric estimation of manganese : — 

Low 1 dissolves 05 £. of ore in 10 c.c. of hydrochloric acid or aqua 
regia, evaporates nearly to dryness, adds 75 c.c. of hot water and excess 
of zinc oxide, boils, and treats with 25 to 50 c.c. of bromine water, 
according to the proportion of manganese present. The excess of 
bromine is boiled off, the precipitate filtered, washed, returned to the 
beaker, and dissolved in 50 c.c. of dilute sulphuric acid (i : 9) with the 
aid of a known volume of oxalic acid or of ferrous ammonium sulphate 
solution. The excess of the latter is, after dilution, titrated back with 
permanganate. 

Sarnstrom , 2 as well as Schoffel and Donath , 3 titrate manganous 
oxide in presence of alkali instead of acid. The latter dissolve the 
sample in hydrochloric acid, oxidise, evaporate, redissolve in water, 
and make iip to a definite volume, and then transfer the liquid to a 
burette. Meanwhile a dilute solution of sodium carbonate is placed in 
a beaker, and as much standard permanganate solution added as is 
required to react frith at least one-third of the manganese present in 
the sample. This mixture is then titrated with the original solution. 
Iron and alumina are precipitated as hydroxides, and the manganese as 
carbonate, which is oxidised by the permanganate. This method 
easily carried out ; according to C. Anger, however, it gives results which 

• 

X I- anal, and applied Ckem., 1892 , 6 , 663 ; Chem, News, 1893 , 67 , 162 . 

2 Stahl u. Etsen, 1884 , 4 , 12 ? ; Vhem. News, 1883 , 47 , 177 . 

8 Stahl u. Eisen, 1883 , 3 , 374 ; J. Iron and Steel Inst., 1883 , 381 . 
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are 4oo low'in proportion to the'quantity of iron present, probably because 
the precipitafed ferric hydroxuie encloses traces of manganese carbonate, 
and thus withdraws them from reaction. • 

. C. Mcin«cke 1 dissolves the ore in hydrochloric acid, oxidises with 
chlorate, boils, and treats with just enough* zinc oxide to precipitate 
the iron. A known volume of standard permanganate— more than 
enough to react with # the manganese present — is mixed in a 500 c.c. 
flask with 50 .to 60 c.c. of zinc sulphate solution ( 1 : 2) ; to this the 
original solution is added in small quantities at a time, with thorough 
agitation, and the whole dtluted to the 500 c.c. A portion of the 
solution is then filtered through an asbestos filter, 250 c.c, of the clear 
filtrate treated with 25 c.c. of antimony chloride solution (15 g. Sb., 0 3 in 
300 c.c. of hydrochloric acid of sp. gr. t- 19 made up to a litre) and 25 c.c. 
,of hydrochloric acid, and titrated with permanganate. The relation of 
the antimony solution to the permanganate is fixed by a separate 
titration. Instead of antimony chloride, a solution of ferrous sulphate 
(100 g. with 25 c.c. of dilute sulphuric acid made up to 2 litres) may be 
used. . • 

According to Schdffel and Donath 2 in such a method as the above, 
the titration can be carried out just as well without filtering, i.e., in 
presence both of ferric hydroxide and manganese peroxide. They 
prefer to titrate back the permanganate with arsfcniop acid, and in 
order to ensure the neutrality of the liquid, they introduce a little 
cream of zinc oxide before adding the arsenious acid solution. 

Numerous methods have been worked out in which the manganese 
is separated as peroxide, and redissolvcd in presence of an excess of 
oxalic acid or ferrous sulphate, which is then titrated back. Such 
methods have been proposed by Hampe 3 and by Ukena 4 ; that of the 
latter has been subsequently modified by Norris . 5 These methods are 
better adapted to the estimation of manganese in iron and steel than in 
ores, and will be described later in this connection (see p. Co). Myhlertz 0 
fuses the ore with sodium carbonate and nitre, reduces the perman- 
ganate thu<fformed with alcohol, and determines the resulting peroxide 
by means of ferrous sulphate and standard permanganate. Moore 7 
converts the nfanganese into the violet manganic metaphosphate and 
titrates with ferrous sulphate. Blum 8 titrates with potassium ferro- 
cyanide in presence of ammonia, ammonium chloride, iron, and tartaric 
acid, whereby manganese ammonium ferrocyanide is precipitated ; the 

1 Stahl u, Eisen^ r886> 6, 164 ; / Sac. Chem. Iml, l 88 y } 6, 457? 
m s Stahl u 4 Eisen t 1887, % 30; J. Chem. Sac* A bstr . , 1887, 52, 399 ; J. Iron and Steel fnsh , 
1887, L, 469. 

8 Chem . Ze 1883, 7 ? 73 * 4 Stahl u r Eisen , fcSgt, ix, 381* 

8 /. anal and applied Chem. t 1 892, 5, 43a 9 # 

6 Ibid. y 189T, 4, 267 ; /. Chem. Sac. A bstr., iZgt, m 6 o 1 366. 7 Chem. Met vs t 1891, 64, 66. 

8 Z anal Chem, ^ 30, 284 ; /. Sac. Chem ; Jnd., 1891, 10, 798. 
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end-reaction is judged by the use of acetifc acid as an external indicator, 
which gives a blue coloration with the least excess of Soluble Jfcrro- 
cyanide. ' 

Chromium. — A solution containing all the chromium sodium, or 
ammonium chromate is prepared as in the gravimetric method described 
on p. 17. After filtering and making up to 250 c.c., an aliquot part is 
titrated with ferrous ammonium sulphate (see Steel Analysis, p. 70). 

Vanadium. — A small proportion of vanadium occurs «in a variety of 
iron ores. TFor its estimation 1 10 to 12 g. of the ore are dissolved in 
hydrochloric acid, any contained ferrous irt>n oxidised with nitric acid, 
an excess of which should be avoided, the solution filtered, and the 
filtrate treated as described on p. 75. 

Phosphorus. — According to Emmerton’s method, described fully 
by Blair, 2 phosphorus may be determined volu metrically in the, 
phospho-molybdate precipitate by means of permanganate, according to 
the following reaction : — 

5 Mo 1 „ 0 1!) + 34KMn0 4 = 6oMoO s + i7K a O + 34MnO. 

The strength of the permanganate, in terms of iron, is multiplied by 
0-01651 to give the phosphorus, or by 0-03781 to give phosphoric 
anhydride. 

To carry out the'deWmination, the yellow precipitate is thoroughly 
washed, the filter paper pierced, and the precipitate washed off and 
dissolved in dilute ammonia (1 14) in a 1000 c.c. flask; a large excess 
of ammonia should be avoided. Ten grams of granulated zinc and 
800 c.c. of warm dilute sulphuric acid (1 :4) are then added and the 
flask warmed for ten minutes, without boiling, on a sand-bath. A 
change of colour is observed as the molybdic acid is reduced to the 
oxide, Mo 12 O ja , the final tint being a dark olive green. The liquid is 
poured through a large pleated filter, the residue washed once with 
cold water, and the washings poured through the filter paper. The 
filtrate, which becomes a yellow colour, owing to the action of the air, 
but which is not appreciably oxidised, is then titrated wKh perman- 
ganate ; shortly before complete oxidation it becomes colourless, so that 
the change to pink is observed without difficulty. • 

Sulphur. — The following method, originally due to Watson* and 
modified by Lungd.Mor the estimation of sulphur in pyrites cinders is 
applicable ( cf. Vol. I., 294-6). About 3-2 g. of substance are mixed 
with exactly 2 g. of sodium bicarbonate, the alkalinity of which has been 
determined by titration. The mixture is heated in a 20 c.c nickel 
Crucible, at first quite gently, so that the tip of the flame just touches 

• 

1 Cf. Campagnac, Ber., 1933, 36, 3164. 

* The Chemical Analysis of Iron , £ 92. 3 J_ s oc . Chem. fad., 1888, 7, 305. 

4 z - an S*»- Chem . , 1892, 5, 447 ; J. Soc. Chem. fad., 1893, 12; 292. 
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the bottom of the crucible, for»tcn to fifteen minutes, then to a full red 
heat for twenty minutes, Thfc mass-must not be allowed to fuse. To 
avoid mechanical loss, the crucible is kept covered and the'eon-tents are 
not stirred ^luring the preliminary healing, but are stirred 'frequently 
during the ignition at the: higher temperature. After cooling, the cakp, 
which should be black and quite porous, is transferred to 'a porcelain 
disband lixiviated with boiling water. If, as sometimes happens, the 
solution filter^ with tlifikuity, it is advisable to add a concentrated 
solution of sodium chloride accurately neutralised with hydrochloric 
acid in presence of methyl orange, to moisten the filter paper with the 
same solution, anTi to agitate the liquid in the filter during filtration. 
After repealing the extraction several times and washing with sodium 
chloride solution, the clear united filtrates are titrated back with Nj 5 
% hydrochloric acid and methyl orange. 

3. Drv Assays 

Generally speaking, the dry assays* at one time in use in the iron 
and steel industry are far less accurate than the wet ones, and are, 
therefore, deservedly obsolete. One or two dry tests, however, are still 
in use for iron ores. The so-called German assay, for instance, aims at 
reproducing the effects of blast furnace smelting.** The ore is ignited, 
with the requisite admixtures, in a cnrbon-lincd dmciblc, and the 
resulting regulus of iron is detached and weighed. The mixing should 
be exactly the same as for a blast furnace charge, and be based upon a 
previous analysis of the ore ; the regulus will then contain the corre- 
sponding amounts of silicon, carbon, manganese, etc. In this way the 
approximate yield of pig iron is ascertained and information is gained 
as to the behaviour of the ore in smelting. The test is largely used in 
Sweden ; details of the method are given in the handbooks of Balling, 1 
Kerl, and others. 

The Reductibility Test. — A second dry test, which has only 
come intoaise recently, is the reducibility test. It is of great import- 
ance, in organising the blast furnace process, to know tl\c behaviour 
of an ore towards reducing agents. A method has been worked out by 
Wiborgh 3 by means of which this property may be determined quanti- 
tatively. 

Ores which are reduced by carbon monoxide are considered easily 
reducible, whilst those which are only reducible by carbon are con- 
sidered difficult of reduction. The degree of reducibility depends on 
the content of oxygen and on the density of the ore, and is roughly 
proportional directly to the former and inversely to the latter. Hence, 

‘ C. M. Balling, Die Pro&UrMmde, I879. 

* Stahl tt. Steen, 1887, 17, 804 ; Ckem. A 'etas, 1898, 78, 4. 
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foil, may 'be treats! .sinuilt.fncou.sly. The charge is exposed to the 
actio.n of carbon monoxide, at that point of tiie tube where the tempera- 
ture is 400 , for one hour, and then for a further hour at tl’e bottom end 
of the tub*. According to Wiborgh, the temperature gradient is as 
follows : — * » 

D< Mi* i* IVmjw'rafniu ’ 


5 an mm, 

H 

• 1200 „ 

* 5 °° n 


400 

525 " 

700' 

Soo" to 880* ’ 


The reducing j(as contains 3 to 3! per cent of carbon dioxide and 
30 to 32 per cent, of carbon monoxide. After reduction, the sample 
is allowed to cool in a current of the reducing gas. 

Analysis t >/ the Kedneetl Ore. Under the above conditions, the ore 
jwill be reduced partly to iron and partly to the oxide Fe„ 0 7 , whilst a 
certain amount of carbon will be deposited on it. The following 
analytical determinations are then made:— (i) carbon; (2) total iron; 
(3) metallic iron ; and (4) the degree of oxidation. 

i; Carbon. This is determined by the chromic acid method, as in 
steel analysis (p. 49). 

2. Total Iron is determined as in the original ore, by one of the 

volumetric methods as described above. . ~ " 

3. Metallic Iron. For this estimation the hydrogen evolved by the 



action of dilute sulphuric acid is measured? From 02 g. to i-o g. of 
substance is weighed into a test tube -a, (Fig. 9), and covered with a few 
cubic centimetres of water. The test tube is fitted with a rubber stopper 
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provided with a dropping-funnel b , and aft exit tube S, which lentil to 
a Woulffs bottle, e, of 200 c.c, capacity, fillecfto four-fifths vvitft very djiute 
potassium* hydroxide solution to absorb any carbon dioxide that may 
be evolved'; the lower tubulure is connected by rubber tubing witji 
the burette d. The apparatus having been fitted up, a is wanned 
to 20'’ by means of a beaker containing water at this temperature, 
atmospheric equilibrium established by raising or lowering d to the level 
of c, and the meniscus in the former read off. it is well to displace d for 
some minutes and take a second reading, in order to make sure that the 
apparatus is gas-tight. Exactly 10 c.c. of dikite sulphuric acid (1 : 8) are 
then dropped upon the substance from b when hydrogen begins to be 
evolved. After an hour’s action at the ordinary temperature, the vessel 
is gently heated up to boiling, until no more gas comes off. During 
this evolution of the hydrogen, d is gradually lowered so as to keep 
approximately the atmospheric pressure. The bottle c is kept in a" 
vessel containing water, and should remain at 2d from start to finish. 
Finally, a and its contents are cooled to 20 n , the levels in e and d 
equalised, and the level in d agam read off ; this gives the volurpe of 
evolved hydrogen, plus 10 c,c. (the volume of the acid added). 

According to the equation — 

. Fe + 11.30., - FeSOj + Ho, 

I’O g. Fe yields 401-2 c.c. of hydrogen at o' and 760 mm. The volume 
of gas found is reduced to normal conditions and divided by 401-2; 
the quotient gives the amount of metallic iron in the sample. 

4. The Degree of Oxidation. The data required to ascertain the 
degree of oxidation are, besides those furnished by the estimations (2) and 
(3), the content of ferrous oxide in the original ore, and the content of 
metallic iron plus ferrous oxide in the reduced ore. This latter is deter- 
mined by dissolving a portion in absence of air (if p. 33) and titrating. 

If the highest oxide of iron, Fc 4 0 3 , be supposed to have the degree 
of oxidation 100, then the oxides have the following degrees: — • 


3 Fe a 0 4 ■» Fe a 0 9 . . .100 

3 Fe a O a - O - Fe a O s . . . 88.9 

3 Fe 2 O g - 0 8 => be 0 Oy . . . 77^ 

3 FejjOj - O, m Fe u O a . . . 66.7 


If, as the result oi the analytical determinations, say n per cent, of 
total iron, m per cent, of iron as metal and ferrous oxide, and r per cent, 
of metallic iron, have been found, then the degree of oxidation, r, will 
be, in the case of the original ore : — 

w — : (m - m) - 3 - + m *» 100 : x, 

2 * J z 
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and in the case of the reduced ore : — 

• * 

(« ' '0 : (" ' >') ( w “ r) * I ■ (m - r) - too : 


or 



m — \ 

?(» ■ >')) 


K)0. 


5. The Degree of Redueibility of an ore is expressed as the ratio of 
metallic iron jn the reduced ore to the total iron in the original ore, 
multiplied by 100. 


If.— ANALYSIS OF IRON AND STEEL 

All varieties of iron and steel invariably contain iron, carbon, silicon, 
.ami manganese as normal constituents. They may further contain 
sulphur, phosphorus, copper, nickel, arsenic, and titanium by way of 
impurities. In most cases traces of calcium, magnesium, aluminium, 
cobalt, lead, antimony, nitrogen, etc., may be shown to be present; 
but they occur in such minute quantities as not to influence the 
properties of the metal perceptibly, and are therefore hardly ever deter- 
mined. The estimation of chromium, tungsten, nickel, vanadium, and 
molybdenum is of importance, since these njofcris occur as essential 
components of certain steels and of the alloys employed in making 
them. As a rule, the constituents of an iron and steel are known 
beforehand, so that qualitative analysis is generally superfluous. It 
may happen, however, that one of the four last-named metals has to be 
tested for, or perhaps titanium or arsenic. The methods to be adopted 
in these circumstances follow either from the remarks on the testing of 
iron ores or from the quantitative methods described below. 


Quantitative Analysis 

Sampling. — The taking of samples of wrought iron or of grey cast 
iron for jftmlysis is a comparatively simple matter. The metal is best 
comminuted by drilling, planing, or turning, to the degree of fineness 
required. IrPthe absence of machinery for this purpose, the metal may 
be clamped in a vice and reduced to filings by means of a rasp, the 
filings being caught on a sheet of clean paper. To minimise contamina- 
tion with the substance of the rasp, this should be as hard as possible, 
but not so brittle that portions of the teeth are snapped off. White cast 
Jron and the hardest kinds of steel may be dealt with by means of tools 
made of special steels ; when, as is often the case, such tools are not at 
hand, pieces should be chipped off the metal with a large hammer and 
then pounded in a specially hardened steel mortar. The fragments 
are sifted through a sieve of J mm. mesh and the residue again pounded 
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up ; this is repeated until the whole has passed through the sieve. Cast 
steel blo'cks, which are never homogeneous, should preferably be snip pled 
after they* have been forged or rolled. Cast irons also are never quite 
homogeneous, and the pig or casting should be sampled at several points. 

«* A special difficulty arises in the case of grey cast iron, from which, 
on drilling "or filing, grains of graphite are detached and tend to 
segregate themselves from the specifically heavier iron. This may lead 
to errors in the carbon determinations up to o-2 per cent. . One remedy 
consists in Sifting off the graphite and weighing out fine and coarse 
samples separately, in the original proportion, every time. Or, the whole 
sample may be thoroughly shaken up in a stoppered Sottle with a little 
alcohol. When a portion is required for analysis, a sufficient quantity, 
as judged by the eye, is withdrawn, dried, and then weighed. It is 
hardly possible to obtain an absolutely representative sample of grey 
cast iron, but the only determination in which this disadvantage makes* 
itself felt to any extent Is that of carbon. 

Silicon. — i. Evaporation Method. The quantity weighed out for 
analysis should be varied according to the probable content of silicon 
— e 'S m i 1 g- of grey pig or cast ; from 2 to 3 g. of white ; and from 3 to 5 g. 
of malleable iron or steel. The metal is dissolved in nitric acid, evapo- 
rated to dryness, takeruip with hydrochloric acid, and the solution diluted 
and filtered. The residue is fused with fusion mixture, and the melt 
evaporated to dryness with excess of hydrochloric acid. On extracting 
with water, filtering, and igniting, the silica is obtained pure, and is 
then weighed. 

This twofold evaporation is somewhat tedious, and is adopted in 
order that the silica may ultimately be free from iron. The method, 
therefore, though troublesome, gives accurate results. 

When the siliceous residue obtained in the first operation is not 
very highly ferruginous, the further purification may be circumvented 
as follows : — The impure silica is ignited and weighed ; it is then 
evaporated with hydrofluoric acid and a few drops of sulphuric acid, 
ignited^ and weighed again ; the difference between the twoVeighings 
represents the silica. If the residue is considerable, it is advisable to 
treat it with ammonium carbonate so as to make sure that all sulphuric 
acid is completely volatilised. 

2. Blum's Methods The metal is dissolved in hydrochloric acid 
, containing bromine, and evaporated to dryness, after addition of twice 

weight of ammonium chloride, whereby the drying is facilitated. 
|*£ke residue, after lixiviation, is washed on the filter alternately with, 
|#ater and with hydrochloric acid containing bromine. The silica is* 
fthus obtained of a pure white colour, and leaves no residue on treat- 
ment with hydrofluoric acid. 

1 Stahl u . Eisen, 1885, 5, 594; Chem. A ’em, 1886,53, 3<Jo. 
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•3- brown’s Method} Tin: metal is dissolved in nitric acid of' 
sp. gr. i-2.* When all action has ceased, about 25 to 30’ c.c. of 
dilute sulphuric acid (1 : 3), or 35 to 40 c.c. of 144 add (Ledebur), 
are added, and evaporated on a sand-bath or hot-plate until all 
the nitric acid is expelled and copious white fumes of sulphur trioxislc 
are evolved. The cooled residue is lixiviated with 100 c.c. of water, 
warmed till the ferric sulphate has gone into solution, and filtered. 
The mixture pf carbon and silica on the filter is thoroughly washed with 
hot water, then with four successive portions of hot hydrSchloric acid 
(sp. gr. M2), and finally with hot water. After ignition the silica should 
be pure white in Colour ; ignition for two to three hours at a full red 
heat may be necessary with cast irons, etc, if much graphite be present. 

This method is the one usually adopted in works’ laboratories. A 
, modification suggested by Stride 2 consists in evaporating down the 
*metal with dilute sulphuric acid alone, in a beaker; when a cold clock- 
glass laid on the beaker shows that no more water vapour is being 
evolved, the residue is lixiviated and proceeded with as above. 

Ferro-silicon is in some cases resistant both to nitric acid and to 
hydrochloric acid containing bromine. It is then necessary to mix 0-2 
to 0-3 g. with fifteen times its weight of sodium carbonate and sodium 
peroxide mixture (1:2) in a nickel crucible and j^gry gradually heat to 
fusion, when the alloy is readily decomposed.* The melt is then 
extracted and evaporated with hydrochloric acid. 

Brearly and Ibbotson 3 give the following method for the determina- 
tion of silicon in ferro-silicons, which gives excellent results (Lambert). 
Two grams of the finely ground sample arc dissolved in 50 c.c, of concen- 
trated hydrochloric acid, to which is added 10 to 20 c.c. of nitric acid, 
the solution bailed for not less than fifteen minutes, made up with water 
to 200 c.c. and filtered without delay. The residue is washed with cold 
dilute hydrochloric acid, ignited strongly for at least thirty minutes, and 
then allowed to cool in the desiccator and weighed quickly. If this 
method be accurately followed, an addition of 01 per cent, as a 
correction *for the soluble silica will give results more nearly approxi- 
mating the actual silicon content than even more elaborated methods 
(Lambert). * 

It is to be noted that all these methods make no distinction between 
silicon combined with iron and silica present in "the form of enclosed 
slag. . The point is of little technical importance, but in scientific 
investigations the determination of silicon proper may be called for. 
JTiis is done, according to both Watts 4 and Turner, by igniting in a 
current of chlorine, collecting the vaporised ferric chloride and silicon 

1 C*tm. AW, 1880. 43 , 399 ; 1884, 60, 30 . 4 Stahl it. Eisttt, 1882, 2, 444 ; Otm. 

8 Stahl u. Emu, 1886, 6 , 510, • * AW?,* 882, 45, 379. 

* Tht Analysis of Stitt Worts' . 1 lateriah, p, 117. s Chttn. JVtws, 1884, 49, 233. 
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tetrachloride in water, evaporating the'^soluti.on, and igniting and 
weighing as usual. Any enclosed slag or cinder is thus left behind in 
the boat,*ancf mayi>e collected, examined, and weighed. 

Titanium. — Titaniferous ores generally yield pig iron* containing 
this metal ; refined iron arrd steel, however, are generally free from it. 
Ferro-titanfum alloys are occasionally specially prepared. 

The older method of determining titanium is based on the precipita- 
tion of titanium dioxide from solutions in sulphuric acid Jby prolonged 
boiling. lit the case of pig iron, 5 to io g. of the metal are dissolved in 
hydrochloric acid, evaporated to compile dryness, taken up with 
dilute acid, and filtered. The insoluble residue is ignited, evaporated 
with hydrofluoric acid and a little sulphuric acid, and fused with acid 
potassium sulphate. The melt is dissolved in cold water and added to 
the ferric chloride solution, which is then evaporated down with 
sulphuric acid until all the hydrochloric acid is expelled ; the residue is 
taken up with water, and reduced by means of sulphur dioxide or 
sodium sulphite. The solution thus obtained is nearly neutralised with 
sodium carbonate and boiled irf a covered beaker for two hours, the 
vaporised watef and sulphurous acid being replaced from time to time. 
Titanium dioxide, phosphoric acid, and a little iron are thus thrown down 
and filtered off; the Jlltrate is tested for phosphoric acid by further 
boiling. The precipitate is fused with sodium nitrate and carbonate, 
and the melt extracted with water, which leaves sodium titanate and 
feme oxide undissolved, whilst the sodium phosphate goes into solu- 
tion. The residue is dissolved in sulphuric acid, reduced, and boiled as 
before. The titanium now comes down as a pure white precipitate, and 
is filtered off, ignited, and weighed. Ignition with ammonium carbonate 
ensures complete removal of sulphuric acid. 

According to Baskerviile, 1 titanium dioxide is precipitated from a 
neutral ferric chloride solution on boiling, after reduction with sulphur 
dioxide. It would, therefore, seem feasible to omit the conversion into 
stolphate. 

■ A Lejiebur 8 found that a large excess of iron chlorides pf events the 
flt&nium from being completely precipitated; to overcome this, he 
Adopted thefollowing method of estimation. The silicfc having been 
'^dered insoluble by evaporation to dryness, the residue is taken up 
hydrochloric acid, and the filtered solution, after concentre* 
twice shaken out with ether (cf. p. 9). The resulting aqueous 
from . which ritanium may already have begun to settle out, 
!^|wttaited:and evaporated to dryness; when the residue is taken up 
^lli dlpte hydrochloric acid, titanium dioxide, in a pure condition, 
undissolved. This method is less tedious than the above, older 


[ 1 j- A msr. Chtm. Sec*, 1894, 16, 4*7. 


* Stahl u. Sisex, *694, 14, 8 ia * 
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The method most frequently adopted in technical laboratories con- 
sists in dissolving about 5 g.'of the- sample in hydrochloric acid, and, 
when evolution of hydrogen is no longer apparent? diluting 'to about 
2 SO C.C. with water. The solution is then rendered neutral with 
ammonia, any traces of iron being dissolved by the addition of a drop 
or two of dilute hydrochloric acid. Ten to twelve grams* of sodium 
thiosulphate are then added and the whole gently boiled on a hot-plate 
for twenty njinutes. The ignited precipitate is then purified after 
treatment with hydrofluoric and sulphuric acids, if necessaty, by fusion 
and reprecipitation, or is estftnated colorimetrically (Lambert). 

Ferro-titanium* does not dissolve readily in acids. It may be 
decomposed by distributing 0-5 g. of the finely divided alloy upon the 
cooled, fused surface of 10 g.of acid potassium sulphate contained in a 
.large platinum crucible. The contents of the crucible are then heated 
3nd the temperature maintained “until no gritty particles can be 
felt with a stout platinum wire” (Brearly and Ibbotson). The mass, 
when cold, is digested with water. Ten c.c. of sulphuric acid are then 
added, and the solution gently heated The titanium is precipitated 
from the filtered solution by boiling with sodium thiosulphate. 

G. W. Wdowischewski 1 has proposed the following method for the 
estimation of titanium in ferro-titanium. The^Uoy is dissolved in 
moderately dilute sulphuric acid, the solution treated with nitric acid, 
and after filtering off the silica, tartaric acid and ammonia are added. 
The iron is then precipitated with hydrogen sulphide, filtered off, the 
tartaric acid in the filtrate decomposed by addition of more nitric acid, 
and heating, and then ammonia added to the colourless solution, when 
the titanic acid is precipitated in the form of white flakes free from 
iron. 

Titanium dioxide, when free from iron, may be conveniently 
estimated colorimetrically, owing to its property of giving a fine orange 
colour with hydrogen peroxide in sulphuric acid solution. The standard 
is prepared by adding to a solution containing 1 mg. of TiO s per c,c. 
an equal volume of hydrogen peroxide, so that the resulting Jiquid 
contains 0-5 mg. per c.c. Schneider 5 proposes to determine titanium 
in one operation before precipitating the aluminium ( cf, p. 68), 
The iron is removed by means of ammonium sulphide, the filtrate 
evaporated to dryness, fused with sodium carbonate, and taken up with 
aolphuric acid; the titanium is then estimated colorimetrically in this 
ablution, 

: ^(The application of this method is, however, somewhat limited, as 
i£fcftybdenum, vanadium, and chromium interfere with the colorimetric 
estimation of the titanium, as do also nickel and copper if present 
(Lambert). 

1 Bng. and Min.J., 1908, 85, isoa 


2 OesUrr. ZHtsckrift % 40, 47 1, 
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Carbon. — So far as is at present known, carbon can occur in iron 
in four "modifications. Two of these — graphite , which is crystalline and 
rarely foond'm steels, and is confined almost entirely to cast iron, and 
temper-carbon > which is amorphous and behaves like graphite, in that 
it is not acted upon by boiling hydrochloric or nitric acid— are present 
in mechanical admixture with the metal Carbide-carbon is present m 
definite chemical combination as a carbide of iron ; whilst the fourth 
modification, hardening carbon , is present in the iron as iron-carbon 
alloy. 

Graphite and temper-carbon may be determined together, or the 
former may be determined alone. It is also possible to determine 
carbide-carbon by itself. Hardening carbon can only be determined 
by difference. Usually, the estimation of carbon in refined iron and 
steel is limited to a determination of the total carbon. 

Total Carbon. — There are numerous methods for estimating total 
carbon, but in almost all cases the carbon is ultimately determined as 
carbon dioxide. The procedure may consist either in oxidising the 
metal directly by combustion either in the dry or in the wet way, or in 
previously reriloving the iron by solution or volatilisation and then 
combusting the residue. 

I. Direct Dry Combustion Method. The oxidising medium may be 
either free oxygen Slone, or free oxygen in conjunction with oxidising 
admixtures such as chlorates or chromates, or metallic oxides such as 
cupric oxide, or else indifferent agents such as alumina, magnesia, etc 

The metal, in the form of either small shavings or filings, is placed, 
with dr without admixtures, in a platinum or porcelain boat, and intro- 
duced into a heated porcelain tube the front end of which is charged 
with copper oxide. Tubes of clear quartz, wound with wire, or 
foil for electrically heating, may be employed with advantage where 
current is available. 1 Suitable apparatus for purifying and drying the 
Supplies of air and oxygen are attached to the inlet side of the tube, 
and the other end is connected with a series of cooling and drying- 
s tubes* the apparatus for absorbing the evolved carbon didxide, and a 
■final guarebtube containing hygroscopic material. All the connections 
; : Jsayiag been made secure, the combustion tube is heated to a bright 
£1*$ heat and a current of air passed through, followed by a current of 
jbixygen* ; The regulation of the temperature requires care, since a 
minimum temperature is necessary for reasonably rapid cost* 
fflplStM; ofothe’ carbon, whilst over-heating leads to the formation of : 
§no|fon forfoso-ferric oxide, which may cover the particles of iron, ajj^i . 
|||ps ; prevent their oxidation. Hence, the general tendency of 
Ifpsftfod is ■ to give low - results, owing to incomplete combustion. 
l^p^ii&rg to Schneider, 8 the process is greatly facilitated and requires 

Gf. Analyst, 1 909. 34, 88. 2 /■ Iron and Steel Inst.; 1894, it, 488. 
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only, moderate temperatures, if 3 g. of the iron are mixed with 
10 g. of certain metallic powflers (eg, three parts of lead to One of 
copper), or with the same quantity of powdered #phosphor-copper. 
Similarly, potassium bichromate, or a mixture of potassium* chlorate 
and lead chromate, or copper oxide, are employed to facilitate th^ 
oxidation. 

Direct igneous combustion is a process requiring considerable 
experience, but^ is particularly applicable; in general, it is mainly con- 
fined to iron alloys which are difficult to decompose with acftis, such as 
silicon, tungsten, chromium, «and molybdenum alloys. A number of 
modifications of tlfe method have been proposed. Lorenz 1 uses an 
injector furnace and subjects the tube at a white heat to such a 
temperature that the oxide becomes quite liquid and slags off. Pettersson 
# and Smith 2 combust, in presence of molten acid potassium sulphate, 
retain the sulphur dioxide with chromic acid, and absorb the carbon 
dioxide with baryta solution, the excess of which is subsequently 
titrated back. Forster 3 combusts, without the use of oxygen, by 
heating with lead chromate in a porcelain retort. Mercuric oxide is 
also used in this way. • 

2. Direct Wet Co 7 nbustion Method. The iron is oxidised by boiling 
with a mixture of chromic and sulphuric acids (Gmelij^ 4 and v. Jliptner 5 ) ; 
the evolved gases may be further oxidised by igneous combustion 
... ($arnstrom). Objections have been raised to this method (Wedding 6 ), 
but nevertheless it is one. of the most accurate, and takes comparatively 
little time to carry out It is applicable to all kinds of iron and iron 
alloys except ferro-silicon and ferro-chrome. The following standard 
procedure was worked out by Corleis. 7 
* The apparatus (Fig. 10) consists of a purifying cylinder A, a boiling 
flask B, a combustion tube C, packed with copper oxide, and three 
\ U-tubes. The first of these, D, is a drying tube, and is charged with 
glassy phosphoric acid ; the two others, E x and E 2 , serve for the quanti- 
tative absorption of the 'carbon dioxide, and contain soda-lime, with a 
short layer ^>f glassy phosphoric acid at the exit end. The series is 
terminated by a small wash-bottle F, containing sulphuric acid, which 
serves both to prevent access of moist air to E and to show the rate of 
passage of the gases through the apparatus. The soda-lime tubes 
should have hollow ground-in stoppers ; for the phosphoric acid, plain 
‘U-tubes, sealed off* at the upper ends, are preferable. In order to save 


1 Z. angew . Chem., 1889, 2, 395 i J* Chem. Sac. Abstr ., 1893, 64*291 ; 1894, 66, 119. 

^ 2 Per., 1890, 23, 1401 ; J. Iron and Steel Inst, 1890, ii., 8$ 2 ; Z. anal Chem,, 1893, 32, 385 ; 
yl lron and Steel Inst, 1893, ii., 527. 

8 Z. anorg. Chem., 1895, 8, 274 ; /, Iron and Steel Inst , ^95, ii., 58 8 ; Cf also T. E. Hull, 
Proc. Chem. Soc. y 1910, 26, 61. 

4 J. Iron and Steel Inst , 1883, p. 779. 5 fbid. t 1885, p. 246. 

6 E isenhiittenkunde, 2nd ed., p. 6x1. 7 Stahl u. Eisen, 1894, 14, 587. 
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phosphoric acid, the introduction of a sulphuric acid absorption vessel 
between C and D is sometimes adopted. 



The most important part of the apparatus is the flask B, of which 
details and measurements are given in Fig. 1 1. A condenser a is 
ground into the neck b of the "flask, which is widened out at c so as to 
provide a water-lute. A tube, reaching nearly to the bottom, is fused 
into the side of the flask ; this is fitted with a bulb, as a safeguard 

against sucking back, and with a stoppered 
thistle funnel for introducing the liquid 
reagents ; it must not be less than 6 mm. 
in bore, since it has a tendency to be 
blocked up with solid matter. The charge 
of metal is introduced into the flask either 
by means of a glass bucket e, suspended 
from a platinum wire, or through a wide 
funnel d. 

A mixture of '25 c.c, oi, saturated 
chromic acid solution, 150 c.c. of copper 
sulphate solution (200 g. to the litre), and 
200 c.c. of concentrated sulpHbric acid is 
the oxidising reagent employed. To carry 
out a determination, the liquids are filled 
into the flask in the order named, shaken 
up, cautiously heated to boiling and kept . 
in brisk ebullition for ten imputes, the 
being in position and supplied with running water. The 
then removed, the purifying cylinder A connected up, and ■ 
t ^4taire»t of air sucked through for ten to twenty minutes, Nestt, ? 
hwstion and absorption tubes are attached and air again drawn 
Hjferi five minutes. The absorption tubes are then closed, d»> ■ 
i in- the balance case for ten minutes, momentarily opened , 



m. u. 
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and closed' again, wiped with wash-leather or silk, laid by for another five 
minutes, and weighed. By this time the oxidising mixture in the flask 
will have cpoled down. The absorption tubes are replaced in position, 
the charge *of metal let down into the flask, the lute at c made either 
with water or with sulphuric acid, and the liquid cautiously warmed up. 

From o-s to 5 g. of metal is weighed out, according to the content of 
carbon. During the pxidising process a very gentle current of air is 
aspirated through the apparatus. The flame should be so regulated 
that the contents of the flask are brought to boiling in from fifteen to 
twenty minutes. # Brisk boiling is then kept up for from one to two 
hours, according to the quantity and nature of the sample, the flame 
then removed, and about 2 litres of air drawn through. The absorp- 
tion tubes are now closed, disconnected, and weighed with the precau- 
- tions described above. 

Experiment has shown that when copper sulphate is present, the 



amount of carbon evolved as hydrocarbons is tolerably uniform for all 
classes of metal ; it corresponds to about 2 per cent of the total carbon. 
Consequently, for certain classes of routine analyses, the combustion tube 
can be dispensed with and the loss of carbon allowed for. It is con- 
venient in this case to weigh out 2 77 g. instead of 2-7272 g., or ,5-54 g. 
instead of 5-45^44 g. ; each o-oi g. of carbon dioxide then indicates 01 
per cent, or 0*05 per cent, respectively, of total carbon. When the 
combustion tube is absent, the U -tubes recommended by Corleis, which 
have obliquely placed tubulures, may be advantageously used, as the 
whole apparatus is then much more compact. 

A simplified boiling flask is constructed by leading the supply-tube 
trough the condenser, which is placed outside 'the flask. Perhaps the 
best modification proposed is that of Wiist, 1 shown in Fig. 12. The 
supply-tube runs through the condenser, but The condenser hangs inside 
the flask; the ground-glass junction "is worked, r*ot upon the water- 
, * 3 Stahl u. Essen , 1895 , 15, 389 . 
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jacket of the condenser, but upon an outer mantle; the height of.the 
water-lute is # thus increased to 3 to 4 cm! This arrangement has the 
> great ad'vantage that the flask proper can be withdrawn downwards for 
filling and emptying without disturbing any of the rubber Connections. 
The drying, tube C is charged with glass beads moistened with sulphuric 
acid, and is so designed that the acid can be replenished in situ. The 
position of the drying tube in front of the combustion tube, as here 
shown, is not, however, to be recommended. Ledebur /ound that the 
evolved gases impart to the acid a decided smell, resembling that of 
aldehyde, from which it would appear that 9 . part of the carbon, which is 
liberated as hydrocarbons, is retained. The combustion tube employed 
by Wiist is made of platinum and is cooled by water at either end ; this 
is more readily heated up than glass, and, of course, less liable to crack. 

Details of the method, and also of the apparatus for the conduct of, 
this process as carried out at the works of Messrs Cammcll, Laird & Ca * 
of Sheffield, have been published by Brearly and Ibbotson. 1 

3. Preliminary Separation of Carbon, followed by the Wet Combustion 
Method. Many reagents have *been suggested for dissolving out the 
iron and leaviri|j the carbon behind ; the separation is, however, in most 
cases incomplete, with the exception of the methods in which copper 
sulphate or copper aa^monium chloride is employed. 

_ The method of separation by Solution in Copper Sulphate as 
originally worked out by Sarnstrom, is generally recommended as 
accurate, as a result of the investigations of Lunge and Marchlewski, 
Ledebur, Wiborgh, and others. Lunge 2 employs the following six 
. .reagents for the estimation ‘ 0 

; ■ ; ' r * Copper sulphate, saturated solution. 

; . 2» Chromic acid, 100 g. to 100 c.c. of water. 

\ 3 * , Sulphuric acid, sp, gr. 1*65, saturated with chromic acid. 

V fX‘ ' 4 * Sulphuric acid, sp. gr. lfi, saturated with chromic acid. 

| Dilute sulphuric acid, sp. gr. mo. 

; & Hydrogen peroxide. 

i|l proportions of these ingredients, and the amount of Inetal to be 
*&$**&* oat, are given in the following table 
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X • * 
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•The apparatus used for the determination is the same as- that 
described above. The metal*is placed in the flask and dissolved in the 
cold by means of copper sulphate, with frequent agitation. The time 
required is^at least six hours for pig iron and at least one hour for 
refined iron, etc. * _ « 

When the reaction is ended, the condenser is inserted, the purifying, 
combustion, and absorption tubes connected up, and the other reagents 
introduced in*he order : — chromic acid, strong sulphuric acid, and dilute 
sulphuric acid. Air is then drawn through and heat genTly applied. 
When the first effervescence has subsided, the contents of the flask are 
kept simmering for half an hour. The flame is then removed and 
hydrogen peroxide slowly dropped in ; the resulting evolution of oxygen 
expels all the carbon dioxide. Finally, about a litre of air is drawn 
• through the apparatus. 

Solution in Copper Ammonium Chloride. Copper ammonium, or 
copper potassium chloride, is an excellent solvent of iron, and was 
originally proposed by McCreath. The method of separating carbon 
by this reagent, filtering off, and combustion in oxygen is very generally 
practised both in England and in America, and is generally regarded 
as the usual procedure. Some doubts, however, have been thrown on 
its accuracy, especially as regards the older methods of working. 1 

The solvent’ is made up by dissolving 300 g. of neutral copper 
ammonium chloride to the litre, and may be very slightly acidulated 
with hydrochloric acid ; 50 c.c. are required for i-o g. of metal. The 
sample is placed in a conical flask, the requisite proportion of the 
solvent added, and the whole thoroughly agitated, first at the ordinary 
temperature and then after gentle warming to 40° to 50°; or, the 
solution can be effected in a beaker, provided with mechanical stirring 
apparatus, in the cold. Copper is at first precipitated, but eventually 
goes into solution with the formation of an inky cuproso-cupric com- 
pound ; the whole operation need not take more than an hour. The 
residue contains carbon, silicon, phosphorus, and sulphur, together with 
a little iron*. It is filtered upon ignited asbestos, washed with a small 
quantity of the solvent, then with boiling water, and dried i» the*steam- 
bath. - ■ f 

‘ Combustion of the Residue in Oxygen. To oxidise the residue in 
oxygen, the asbestos filter containing the carbonaceous precipitate is 
placed in a boat and pushed into a heated combustion tube charged 
with copper oxide. A glass tube enables the progress of the combus- 
tion to be followed, but porcelain tubes are much more generally used, 
as higher temperatures can then be employed. The issuing gases are 
passed through tubes containing calcium chloride, anhydrous cuprous 
chloride, or anhydrous copper sulphate, before entering the absorption 
• 1 Cf. Stahl V. Eisen, 1887, 7 , 13 ; 1891, II, 50. 
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vessel. By placing a layer of potassium bichromate and a silver spiral 
behind the oxide of copper, any traces of'sulphur and offchlorine are 
effectively retained. A detailed description of the most modern 
apparatus and procedure for this method of carbon estimation is given 
by Blair. 1 

Oxidation of the Residue with Chromic Acid. As an alternative to 
the above method the carbonaceous residue may be oxidised by chromic 
acid according to Ullgren’s method. The residue is filte/ed off into a 
tube 75 mffi. long and 15 mm. wide, upon a pad of ignited asbestos. 
The filter is brought bodily into a conical "flask, having a tubulure and 
a ground-in dropping funnel, but no condenser. The'apparatus is then 
connected up, tested to make sure that it is air-tight, a litre of purified 
air drawn through, the absorption tubes attached, and the oxidising 
solution introduced. This consists of one volume of chromic acid 
solution (3 : 10) to five volumes of sulphuric acid of sp. gr. 1-83, 40 c.c.' 
of the mixture being added for each 10 g. of iron. The contents of 
the flask are heated to boiling very slowly, over a period of one to one 
and a half hours, and boiled fo» a short time ; 3 to 4 litres of purified 
air are then drawn through and the absorption tubes subsequently 
detached and weighed. 

Gas-volumetric Methods for the Determination of the evolved Carbon 
Dioxide. The carbcn^dioxide produced by wet combustion may be 
determined gas-'volumetrically instead of by absorption and weighing. 
Various methods and apparatus for this purpose have been described 
by Wiborgh, 2 Vogel, 3 Lunge and Marchlewski, 4 Reinhardt,® Hempel,® 
and others. 


The apparatus devised by Lunge (Fig. 13) consists of a 200 c.c 
flask A having a dropping funnel, also of 200 cc. capacity, fused into 
' the side. Into the neck is ground the inner tube of a short Liebig's 
condenser d, which, at the upper end communicates, through the 
: ; ground-glass joint e, with the capillary tube / and the gas-volumeter 
; - ■ BCD. At a and c the grinding must be so perfect that air-tight 
■:f connections are secured by merely moistening with water ; at « a 
ill gfouna-glass joint is not strictly necessary, and can be replaced by a 
gibber connection, provided care be taken that the glass surfaces am 
The metal is first treated with copper sulphate as above 
The apparatus is then connected up and a partial vacuum 
ralsin g anci lowering D six times; the stopcock h is then 
lip'- 1 The proper quantity of oxidising mixture, made up accor ding 

i 3 ? Chemical Amfysis af /ran, p. 134, . 

f# * mm, *#7, 7 . 465 ; /• $>c. Cbm. In, st, 1887, 6 , 748 ; 1890, a, 768. - , 

1891, 11, 48$ 

Syifc'f. ithgete .- 4, 41* ; /. Iron and Steel Inst., 1894, ii., 484. 

** 648 J J ' 189a, IL.sn; 1893, i, 403. ' .. 
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to the table on p. 52, is then run in through t and a, the tap 'a closed, 
and the tap h opened so a S to connect A with B, the levelling tube 
lowered, and the process of wet combustion 
carried out ts previously described. Owing 
to the action of the condenser, no actual 
moisture gets into B, but the entering gases 
are saturated with aqyeous vapour. After 
boiling, hydrogen peroxide is introduced 
into A ( cf. p. 53), and the remaining air 
displaced by pouring in hot Ivater until the 
capillary is full of liquid up to the stopcock h, 
which is then closed. The volume of air 
and carbon dioxide in B is measured, trans- 
ferred once or twice into the Orsat pipette E, 
which is charged with concentrated potassium 
hydroxide solution, and the residual gas 
measured. Should the original volume of 
the gases be less than 140 c.c., purified air 
must be drawn in through n and m up to 
this volume, in order that readings may be 
obtained on the stem of the gas-burette. 

The use of the reduction tube C is explained TuHy in Vol. I., pp. 138 
et seg. 

Each cubic centimetre of carbon dioxide at o" and 760 mm. corre- 
sponds to 0539 mg. of carbon. 

4. Preliminary separation of Carbon followed by Colorimetric estima- 
tion. The colorimetric method of estimating carbon proposed by 
Peipers, 1 is similar in principle to the jeweller’s touchstone assay, and 
is useful for rough tests. The metal is rubbed on a plate of unglazed 
porcelain until a streak of approximately standard depth of colour is 
produced. A graded series of streaks is made in the same way with 
steels of known carbon content (Fig. 14). The porcelain plates are 



Fig. IS, 



then dipped in a 12 per cent, solution of ammonium copper chloride. 
When both the iron and copper haijp been dissolved away, the plates 
* Stahl u, Eiten, 1895, 15, 999 ; J. Iron and Sift! Inst., 1895, ii,, 587. 
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are dipped in water and the residual stains (Fig. 15) of carbon * are 
compafed. In this way the carbon cont&nt of the test-piece is placed 
between 'two' limits. In the figures, the streak of the test-piece is shown 
on the extreme left, by the side of streaks of standards containing Ovl5 
per cent, and 0-30 per cent, of carbon respectively. 

Some practice is required for making comparable streaks with 
metals of varying hardness. The method is distinguished from 
Eggertz’s colorimetric assay (p. 57) in indicating total carbon, no matter 
in what fo?m the carbon may be present. 

5. Preliminary Separation of Carbon by* Volatilisation of the Iron and 
Combustion of the Residue. For this purpose the metal is heated either 
in a current of chlorine (Wohler) 1 or of hydrochloric acid gas (Deville). 
It is an unpleasant and lengthy method, but is the only one which can 
be applied to refractory ferro-chromes and ferro-silicons. 

The apparatus required consists of a 1 500 c.c. flask for generating 
the chlorine, or preferably a cylinder of compressed chlorine ; a wash- 
bottle containing water ; a second wash-bottle containing concentrated 
sulphuric acid ; a U-tube charged with glassy phosphoric acid ; a com- 
bustion furnace with a tube at least 16 mm. wide bent at right angles at 
the further end and dipping into a beaker of sulphuric acid. 

The chlorine is generated from 280 g. of salt, 190 g. of pyrolusite, 
and 350 c.c. of dilute sulphuric acid (1 : 2). From 0-5 to i-o g. of metal 
is spread out as" thinly as possible in a porcelain boat and introduced 
into the combustion tube. Chlorine is then passed through until the 
air is displaced, when the burners of the furnace are gradually lighted,, 
one by one, and the tube finally heated to redness. A certain amount' 
of chromic and manganous chlorides always remains in the boat 8 The 
former, being insoluble in water, necessitates a further ignition of the 
boat in a tube through which hydrogen is passed, whereby it is reduced 
to soluble chromous chloride. Finally, the contents of the boat are 
washed into a beaker of cold water, filtered upon asbestos, and oxi- 
dised either in the dry or wet way, as described above, 

■■■ Neumann 8 has described a method for the combustion of the 
Residue in a specially constructed platinum crucible, and also a method 
|}r the direct combustion of the carbon by heating in s&i electric oven, 
‘-fn a current of oxygen, at 1000°. * 


. . Graphite and Temper-Carbon.— These forms of carbon are both 


resistant to acids, and there is no known method 
. . . g them separately. Temper-carbon is comparatively rate 
$ ejeeurs chiefly in white pig iron, after prolonged heating to rednesfe 
^method of estimation described by Ledebur* is as follows:— 

lilt ; \\\ '<?**; M** l6 < 67. 2 cf. Hampe, dm. Z*K 18 go, 14, 

t I ’ 1908,, 28* 128 ; Op. also Mars> iSuL, 1909, 20, II<C 

i ; ■# Trm an< * SU(l /nst *> Ify * *•> ; 1895, ii„ 53 ; 1899, Lj 368. 
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One gram of highly graphitic iron, 2 to 3 g. of light grey pig or 
annealed white pig iron are taken for- the determination. The metal is 
dissolved in a conical flask with 25 c.c. of nitric acid, of sp. gr. 1-2 for 
each gram \f substance. During the first violent action the flask is 
cooled in water. It is then digested on the' sand-bath for two hours, 
just short of boiling, with frequent agitation. The liquid' is diluted 
somewhat, filtered upon ignited asbestos, and the black residue washed 
with cold wat<y till free from iron ; the filter and its contents are then 
either oxidised by chromic acid or dried and heated in a^urrent of 
oxygen, and the graphitic carbon weighed as carbon dioxide. 

Combined Carbon.— As mentioned above, carbide-carbon can be 
determined separately, whereas hardening-carbon can only be estimated 
by difference. The following colorimetric method of Eggcrtz indicates 
, strictly speaking, carbide-carbon only. But when Iron is allowed to 
cool down from white heat under ordinary smelting or foundry condi- 
tions— that is, when it Is neither chilled in water or oil, nor annealed in 
a non-conducting covering— the carbide- and hardening-carbons in it are 
present in a fairly constant ratio. Hence, by the choice of proper 
standards, Eggertz s method, which is a purely comparative one, may 
serve to show the whole of the combined carbon. 

The method is applicable to all kinds of mallea^e Iron and steel, but 
not to nickel or chrome steels, because the greenish or yellowish tints 
of the solution interfere. It is based on the fact thlt when iron is 
dissolved in nitric add, the combined carbon also goes into solution, with 
the result that the liquid is coloured more or less deeply brown. Ferric 
chloride, if present, affects the colour ; the nitric acid used must, there- 
fore be free from chlorine. Dilution to at least 8 c.c for each o-’i g. of 
the sample eliminates the influence of the colour of the ferric nitrate. 
Phosphorus, sulphur, copper, and silicon have but little effect upon the 
accuracy of the determination. Tungsten is converted into the insoluble 
oxide and is filtered off, together with the graphitic carbon ; the weak 
tinctorial effects of manganese and vanadium disappear on dilution. 

To carry out the estimation, the solution of the metal under examina- 
tion is diluted until it shows the same tint as a similarly prepared 
solution of a standard metal, in which the carbon has been accurately 
< determined by one of the foregoing gravimetric methods. 

The procedure laid down by Eggertz 1 is as follows:— 01 g. of a 
standard steel containing say 08 per cent of carbon, and the same 
quantity of the metal under assay (or 0-05 g. in the case of white pig 
-iron) are placed in separate test tubes, 15 mm. wide and 12 cm. long, 
and treated with small quantities of nitric acid of sp. gr. 1-2 so long as 
’* there is any effervescence. The balance of' acid is then added in the 
following proportions : for 0-25 per cant, of carbon, 2-5 c.c, ; for 0-3 per 

1 Ciem, M-ow, i88r, 44, 173. 
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cent, 3 c.c. ; for 0-5 per cent., 3.5 c.c.; and for o-8 per cent., 4 c.c. ; white 
pig requires 7 c.c. A slight excess, of acid is harmless, bu! a deficiency 
should be avoided When the carbon content is unknown, 2-5 cc of 
acid are taken to begin with, and more is added in accordaifce with the 
qplour and the amount of carbide precipitate produced. The test tubes 
are loosely* stoppered and placed, through a perforated lid, in a water- 
bath, which Is kept at the boiling point. After three-quarters of an hour 
all the. carbon is obtained in solution and no* more gas is evolved. 
Sometimes- a red deposit, resembling a sublimate, of basic ferric nitrate 
forms on the sides of the vessel; this is loosened by shaking up, and 
filtered off if necessary ; or else recourse may be ‘had to the older 
method of digesting for one and a half to two hours at 8o°, when the 
deposit is not formed. Spiiller 1 hastens solution by placing the tubes 
m a paraffin bath heated to 135 0 , when five minutes suffice. Auchy* 
weighs, out. i-o g. of metal, in order to secure a fairer sample, and, aftef ' 
dissolving in 20 c.c. of acid, makes up to 25 c.c. and uses 5 cc. of the 
solution Whatever procedure be adopted, standard conditions must 
always be observed. . 

The test tubes, after heating, are removed from the water-bath 
and allowed to cool, being carefully protected from light, which has a 
marked bleaching ^action on the colour. The contents are then 
transferred to colorimeter tubes of 30 c.c. capacity, graduated in 
twentieths of a t.c. The standard solution is so diluted with water that 
eachcc corresponds to say cm per cent, of carbon. Then water is added 
to the solution of the sample until both solutions show the same tint 
care being taken to secure thorough mixing. Some workers prefer to 
make the colorimetric comparison under exclusion of laterally impinging 
hght For this purpose the graduated tubes are placed in a blackened 
box of pyramidal shape, 26 mm. broad at the illuminated end and 12 cm. 
broad at the observing end, with two perforations in the upper side to 
receive the tubes. 

.. 4 By T thl ® method > the carbon content can only be determined in 

PCT C - Cnt In modern iron and steeI Practice a higher 
deg**? of delicacy is necessary, and the colorimetric assay must be 

modified accordingly. Either a number of standard steel* of progressive 
5$®° contents may be employed, or the standard solution prepaid 2 

fcS 3 of > dl i uted i° W " t0 f one ’ haIf > one - fifth > ««***»& and one- 
h of lts stre ngth; the former method is, on the whole, to be 


^^lutions of white pig iron tend to become turbid through separation 
|ajiumus-hke substance ; hence it is desirable to make the assay as 
as possible.- Chilled steel cannot be assayed directly by Eggertz’s 

U': - • ' * ' 
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method; by heating the sample to a temperature slightly above the 
critical temperature, however, *the hardening-carbon is converted into 
carbide-carbon, and the method can then be employed.. 

Jn BrittoVs modification 1 of Eggcrtz’s method, a large number of 
normal solutions — viz., fifteen, representing carbon contents of from 0-02. 
to o-3 per cent, is prepared ; the test solution is made up to a definite 
volume and compared with the nearest of the standards. As the latter 
are very unstable, Britton proposed to use alcoholic solutions of burnt 
sugar or of coffee of standardised tints ; but even these do liot keep 
Indefinitely. Eggertz then suggested standards prepared on the follow- -< 
ing lines from metallic salts, which can be depended on not to change 
their tints. Ferric chloride is dissolved in water containing 1*5 per cent, 
of hydrochloric acid of sp. gr. Mj; similarly, cobalt chloride and cupric 
fhloride are dissolved in water containing 0-5 per cent, of hydrochloric 
acid; in all cases the dilution is such that each c.c. contains 
0*01 g. of metal. A mixture of 8 c.c. of ferric chloride solution, 6 
cc of cobalt chloride solution, and 3 cc of cupric chloride solution, 

* together with 5 cc of water containing 0-5 per cent, of hydrochloric 
acid, yields a liquid having the same colour as a solution of iron in 
nitric acid corresponding to o-i per cent, of carbon per cc. This 
liquid can be further diluted with acidified water to any desired 
standard tint ; the dilution is very nearly proportional to the content 
of carbon. v . 

In the colorimetric method proposed by Stead, 2 the comparison is 
not made directly on solutions of iron in nitric acid, but on the filtrates 
obtained after precipitating the iron as hydroxide. One gram each of 
' the standard and of the test metal are dissolved in nitric acid of sp. gr. 

1*2 at 90° to 100°; 30 cc. of hot water and 13 c.c, of sodium hydroxide 
solution of sp. gr. 1-27 are added, the liquids thoroughly shaken, made 
up to 60 cc, allowed to settle for ten minutes, and filtered A 50 mm. 
column of the standard solution is then poured into one graduated tube 
and the height of the test solution in a similar tube adjusted so that 
the tints appear equally intense when the tubes are illuminated from 
below. The percentages of carbon are then inversely proportional to 
the lengths of the columns of liquid. It is claimed that the accuracy of 
the method is not affected by the presence of hydrochloric acid or of 
hardening-carbon. 

In order to determine carbxde-carbon by itself, iron carbide must first 
be separated from the accompanying metallic iron and hardening-carbon. !f|j 

C. G. JF, MiiUer* found that iron carbide is insoluble in cold, very 
; (iote acid, but is decomposed by strong acid or at higher temperatures. 

■ 1 Chun. Mms, 187a, * 6 , 139. 

*/. Iren ami Steel /net., 1883, p. *13 ; CktA. New, 1883, hj, 385. 

: . * Stahl u, gistr.., 1888, 8, 39a ; J. Iran and Steel Inst., 1888, ii., 395 ; 1895, i., 495. 
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The method of estimation accordingly consists in dissolving I to of 
finely 'comminuted material in a -conicalflask, through wfiich hydrogen, 
carbon dioxide, or coal gas is passed, by means of dilute sulphuric acid 
(30 c.c. of 1 : 10 acid for each gram of metal) at the ordinarj/tcmperature. 
•With frequent shaking, the time required for solution is from two to 
three days. Hardening-carbon escapes in the form of hydrocarbons. 
The residue is filtered upon asbestos, washed with cold water, and 
oxidised either with oxygen or with chromic acid. Graphitic carbon, if 
present, ft determined separately and subtracted. 

The colorimetric estimation of the cafbon in steels containing small 
quantities of nickel and chromium can only be carried out by comparing 
the solutions of the samples with standard steels containing approxi- 
mately the same amount of these metals (Lambert). 

Manganese. — All the methods described for determining manganesq 
in iron ores are applicable to metallic iron ( cf. pp. 15 to 17); many of 
them, indeed, were originally worked out for iron and subsequently 
modified so as to be suitable for the analysis of ores. There are several 
methods, however, chiefly volumetric, which are better adapted for the ’ 
estimation of manganese in iron than in ores. 


Cast iron and ordinary steels usually contain less than l-o per cent, 
of manganese ; iron for puddling or for the Bessemer process contains 
from 2 to 4 per cent, spiegel from 5 to 20 per cent, and ferromanganese 
up to 90 per dent. As a rule, 1 g. is a sufficient quantity to weigh out 
for analysis ; in the case of highly manganiferous irons, 0-5 g., or even 
less, is enough. Malleable iron always contains a few tenths per cent, 
of manganese, so that r g. may be taken ; welding iron, however, is 
often so poor in manganese that from 2 to 3 g. may be required. 

Hydrochloric acid is used for dissolving the metal; if there is a 
Considerable residue, as in the case of grey pig, it may be rendered 
; soluble by fusion with alkali. Whenever manganese is determined 
; gtavimetrically, as by any of the methods used for ores, the silicon 
; must be rendered insoluble by evaporation to dryness, and may be 
I s filtered off or not, as occasion demands. 


I - ' following are among the more important volumetric methods : 

The Volhard- Wolff Permanganate Method (cf. p. The sample 

j IS weighed into a covered porcelain dish or into a conical flask about 
wide at the base; dissolved in 15 c.c. of nitric add of sps. gr. bu, 
llm evaporated to dryness. The mass is taken up with 20 c,e. pf hydro- 
ll^felc, .acid,, boiled with 3 g. of potassium chlorate until toe tom 
|i||^orine,: diluted, filtered into a litre conical flask, and 

3 th water containing hydrochloric acid. The liquid is tfofb 

B ith zinc oxide and the determination completed as described 

; there arei many estimations to be carried out, a saving of 
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timeMnay be effected by using* the modified method proposed by v. 
Reis. 1 One gram of iron is dissolved -in 25 c.c. of a mixture consisting 
of 275 volumes of water, 125 of nitric acid of sp. g*. 1-4, ’and 100 of 
concentrated' sulphuric acid. The liquid is boiled down over a free 
flame until fumes of sulphuric acid are disengaged, allowed to cool, 
diluted with 100 c.c. of water and 10 c.c. of the acid mixture* wanned* 
to dissolve the salts, and transferred to a litre conical flask. The 
contained carbyn is then oxidised by adding 3 g. of barium peroxide 
and 5 c.c. of concentrated nitric acid, and the excess of peroxide 
destroyed by boiling. The liquid is diluted with 300 to 400 c.c. of hot 
water, treated with* zinc oxide, and titrated with permanganate; v. 
Reis prefers to add excess of permanganate and titrate back with a 
solution of manganous sulphate equivalent to the standard perman- 
ganate. 

2. The Hautpe and Uketnt Chlorate Method? This method takes 
advantage of the fact that manganese peroxide is precipitated from 
manganese salts on boiling with nitric acid and potassium chlorate. 
The precipitate is never free from ironrand cannot, therefore, be esti- 
mated gravimetrically. iron does not interfere in the volumetric 
estimation, but cobalt, lead, and bismuth, if present, are partially 
precipitated and affect the results, in this casc_the precipitate is 
simply dissolved by means of nitric and oxalic acid* and reprccipitated 
with chlorate. Copper, nickel, tin, and phosphorus haV* no injurious 
effect. The main requirements are: — 1, That the solution be very 
concentrated ; 2, that sulphuric acid, if present in more than moderate 
quantity, must be removed by adding barium nitrate ; and 3, that hydro- 
chloric acid must be absent. 

For the determination, the metal is dissolved in 70 c.c. of nitric acid 
pf sp, gr. 1-2, in a 500 cc flask, the hot, clear solution allowed to cool 
down, n g. of potassium chlorate crystals added through a wide-neck 
funnel, and the liquid gently boiled for from twenty-five to forty minutes 
down to a volume of 30 to 40 c.c. in the case of ferromanganese the 
concentration must be carried to the furthest possible limit By this 
time all chlorine should have been boiled away; this is essential ^0 the 
Success of the precipitation. If the liquid be boiled too violently, the 
jntNcipitate is apt to become slimy and difficultly soluble. 

C*rey pig iron is treated with 50 cc of acid in a beaker and 
evaporated to half the volume. The liquid is cautiously diluted with 
hot water without disturbing the sediment, filtered into a flask, 
^pointed, and treated with chlorate as above. 

. X The concentrated liquid is next very carefully diluted with water. 
AS the precipitate of manganese peroxide ha» a great tendency to pass 

1 Z a*tg*m. CArm,, 189a, 5, 604, 67a j f. Sue, CAtm. /mt, 189$, IS, 378. 

•/* Sltoi /*ifc, 1885, p. 63a. 
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through filter paper, care must be taken to disturb it as little as poasil 
The Supernatant liquid is first -filtered" through a double filter, a 
when all the liquid has passed through, then the precipitate collect* 
washing 'is continued until the filtrate no longer reacts with starchy 
-potassium iodide. The filtrate is tested for manganese by boiling w 
chlorate, when there should be no furthur precipitation ; or, preferal 
a portion is boiled with nitric acid and lead or bismuth peroxide a 
filtered through asbestos, when the presence of manganese is itidica 
by the formation of permanganic acid. 

Ten c.c. of standard ferrous amrrtbnium sulphate solution ; 
then run into the flask from a burette, whereby any adherent mangani 
peroxide is dissolved. The filter paper is pierced, its conte 
washed into the flask with a little water and more standard solut 
dropped on to the filter, which soon becomes quite white when it 
again washed. A further quantity of standard solution is run ii 
the flask, so that all the manganese is dissolved, the total volume r< 
off, dilute sulphuric acid (1:3) added to the solution, and the excess 
ferrous ammonium sulphate titrated back with standard permangana 
The permanganate solution must be standardised under the con 
tions of the assay. For this purpose o-i g. of chemically pi 
potassium permanganate is dissolved in 60 c.c. of nitric acid of sp. 
1-2 with the aid of a few crystals of oxalic acid, and precipitated 
above. The^strength of the standards should be such that t ■ 
corresponds to about 1 to 5 mg. of manganese. Oxalic acid may 
used as the reducing solution in place of ferrous ammonium sulphate. 
In applying this method to iron ores, 5 g. are dissolved in hyd 
chloric acid, the residue fused, the extract added to the original soluti 
and the whole made up to 500 c.c. Two separate portions, each of 1 
C.C., are evaporated to dryness, taken up with nitric acid, filtered, a 
precipitated as above. Ores rich in manganese and containing lit 
Silica may be dissolved directly in nitric acid with the addition of 0x1 
■ acid, a slight excess of which is of no consequence. 


3, <n v. Knorre's Persulphate. Method . 1 On boiling mangani 
dphtte in acid solution with ammonium persulphate, the mangani 
precipitated as hydrated peroxide, since manganese persulphate 
|tbife only in the cold. The reaction is as follows : — 

! f • ■ . . MnS 3 0 8 + sH g O - MnO s . B # 0 + sH*SO*. 

p--' • 

precipitate is too impure to be weighed, and must be estlmal 

pH^flca^ by, means of standard ferrous ammonium sulphate % 
Sfeasslum, permanganate solutions These solutions should be stands 
|||ploQi mixtures of manganese and iron salts containing these met 
in the proportion*of the test. 
i Cfum., 1 got, if U49 ; 1903, « 5 , gc*. 
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To carry out the estimation, the metal is dissolved in a beaker in 
50 to Co cc. of warm dilute Sulphuric acid (1 : 10) and filtered Into a 
500 c.c. conical flask. Highly siliceous ferromanganese leaves a 
mapganiferous residue, which is evaporated in a platinum crucible with 
sulphuric and hydrofluoric acids, dissolved in a little water, and addecL 
to the original solution. Ammonium persulphate solution (60 g. per 
litre) is then added tj> the liquid, in the proportion of 150 c.c. or 
250 c.c., according as less or more than 1 g. of metal was weighed out, 
and the volume dilutee! to from 250 to 300 c.c. After boiling for fifteen 
minutes, the liquid is allowecPto settle, and filtered, with the usual pre- 
cautions, upon a dense filter of 8 cm. diameter, or on a double filter. 
The precipitate is then treated as described under method No. 2. 

Liidert 1 has modified this method as follows: — From 2 to 4 g. of the 
gample are dissolved in from 25 to 30 c.c. of nitric acid of sp. gr. 1-2, the 
solution heated to boiling and diluted with 400 c.c. of water without 
filtering; 40 c,c. of sulphuric acid and 50 c.c. of ammonium persulphate 
are then added. After boiling for half an hour to decompose the 

* manganese persulphate and the excess «of ammonium persulphate, the 
solution is cooled by placing the flask in cold water, asicl 5 c.c. of a 
titrated solution of hydrogen peroxide added. When the whole of the 
manganese peroxide has gone into solution, the excess of hydrogen 
peroxide is titrated back with permanganate. k is necessary to 
standardise the hydrogen peroxide solution with the perrrhmganate each 
day on account of its instability. 

In presence of tungsten the method is modified as follows 2 : — From 
2 to 10 g. of tungsten steel are dissolved in dilute sulphuric acid in 

* absence of air, the solution gradually heated to boiling, and boiled for 
a few minutes. On cooling, the •metallic tungsten is filtered off as 
rapidly as possible, as it oxidises fairly readily in the air and would 
then go into solution, washed two or three times with water, and the 
manganese estimated in the filtrate as described. The precipitate of 
hydrated manganese peroxide must be dissolved by ferrous sulphate, 
not by hydrogen peroxide ; the latter acts upon any traces of tungsten 
that may be present In the solution, and would accordingly load & too 
high results for fhe manganese. 

4. PersulpfmU Oxidation Metitod. A method much in vogue in j 
steel works’ laboratories in which a large number of manganese deter- ] 
! • minatlons have to be made daily, consists in dissolving o-2 g. of the I 
Sample In 10 cc of nitric acid of sp. gr. 1-2 in a boiling-tube. A 1 
.a^giber of the tubes are then placed into boiling water until solution 
Is complete and all nitrous oxide fumes expelled. Fifteen cc 
of silver nitrate solution (1*33 g. per litre)* arc then added to the 
contents of each tube, together with t g»of slightly moist persulphate of 
■- - 1 z. mgm, Cijfm,, 1904, 17, 4«. 5 G. v. Knorre, Sink! «. Eistn, 1907, 27, 3S0. 
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ammonium crystals. The tubes are replaced in the water-bath, which 
is kept boiling until the manganese is oxidised to permanganate and 
the action <5f the persulphate is no longer apparent. A small additional 
quantity of persulphate is added to the contents of each tube, and # the 
^vhole of the tubes are then cooled in cold water. The permanganate 
formed is ‘estimated by sodium arsenite solution, which is run in from a 
carefully graduated burette, the solution being titrated in a porcelain 
dish ; the reaction is completed when the colour of the permanganate 
is disch^ged and a pale greenish coloration formed. The arsenite 
solution is made up from a stock solution containing 5 g, of arsenious 
acid and 15 g. of sodium bicarbonate per litre ; 80 c.C. of this solution are 
diluted to 1000 c.c. for the titration. The value of the arsenite solution 
is obtained by titrating a solution of 0*2 g. of steel of known manganese 
content (Lambert). 1 

5. Other Volumetric Methods . The method of Meinecke 2 (p, 3 7% 

which depends on the titration of an excess of potassium permanganate 
employed to precipitate manganese peroxide, is modified as follows for 
the estimation of manganese in metallic iron. Solution is effected by * 
means of a mixture of three volumes of sulphuric acid (1 *.4) and one 
volume of nitric acid of sp. gr. MO; the carbonaceous matter is oxidised * 
by boiling with o-j c.c. of chromic acid (1 : 1), the excess of the latter 
removed by adding* barium chloride, and the iron and chromium then 
precipitated wfth zinc oxide. Zinc chloride is added to the permanganate 
for the precipitation, instead of zinc sulphate. The volume displaced by 
the precipitate has to be taken into account, which can be done by 
weighing out 0-9947 g. of metal in place of 1 g. It is well to subject 
the manganiferous liquid to partial filtration before pouring it into the * 
permanganate. * , 

Schneider 3 oxidises the manganese to permanganic acid andPtitrates 
back with hydrogen peroxide ( cf. Vol. I., p. 109). The decomposition 
takes place in accordance with the equation : — 


K 2 Mn 2 0 8 + sH 2 0 2 = 2 Mn 0 + 2K0H + 4 H 2 0 + s 0 2 . 

Two grams of steel or pig iron are dissolved in 200 aa of nitric 
acid of sp. gr. 1*2 and heated to boiling with a considerable excess of 
lead or bismuth peroxide. The liquid is immediately cooled do Wn* 
filtered through asbestos, and titrated with hydrogen peroxide dilated, 
with two or three volumes of water, the strength of which, has 
, determined by means of standard permanganate. Lead |)erb^| 4 ^> Ii ; : 
apt to be manganiferous, and must be tested by decomposing a ■ 

als0 P * Smith > Chem - 1904, 90 , 237; Rubridus, Stahl u. Etsen. rooS, 

305 957 . . ' ' ’ T 'A , 

1 ; ’ 2 Stahl u. Enen y 1886 , 1 ), 444. • „ - ♦ -O ; 't 

1888, 269, 424; J. Iron and SUel Inst., 1892, ii., £.t«, ? : ; •* 
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with • hot sulpjiuric acid, cooliitg, diluting, and warming with' a fresh 
portion of the peroxide; manganese, if present, will then produce a 
more or less pink solution. Steels containing chromium* cannot be 
assayed by this method. Metals containing more than 2 per cent, of 
manganese are preferably assayed by the Volhard- Wolff process. <* 

u 6. Colorimetric Method. When a permanganic solution has been A 
prepared as described # under method No. 1, the manganese can be 
estimated by comparing the tint with a solution of potassium perman- 
ganate of known strength. This standard is made up by dissolving 
0-072 g. of permanganate in ^bo c.c. of water (1 c.c. = o-o5 mg. Mn); the 
solution does not keep well, especially if exposed to light. According 
to Ledebur, to -carry out 'the determination, 0*2 g. of metal are 
dissolved in 15 to 20 c.c. of nitric acid of sp. gr. 1-2 in a 100 c.c. flask, 
j;he solution boiled to expel nitrous fumes, allowed to cool, and . 
made up to the mark. Ten c.c. are then heated to boiling with 
2 c.c. of nitric acid in a small beaker, a pinch of lead peroxide added, 
and the liquid boiled up for two minutes. After settling, it is filtered 
through ignited asbestos into an Eggertz colorimeter tube (p. 57)*' 
One to four c.c. of permanganate solution are introduced into a second 
tube, and diluted until the two liquids have the same depth of tint 

Then, if # be the required percentage of manganese,.. - 

• 

b : c — — : ^ 

4 

where a is the volume of standard permanganate, and b and c the 
volumes, respectively, of standard and test solutions in the colorimeter 
tubes.* 

. Nickel. — Minute quantities of nickel occur in various raw sftid 
refined irons. Nickel steels usually contain several per cent. 

1. Nickel Oxide Method. For the estimation, 2 to 5 g. of iron or steel, 
or 1 to S g. in the case of nickel steel, are dissolved in hydrochloric acid 
with the aid of nitric acid or potassium chlorate, evaporated to dryness, 
taken up with hot dilute hydrochloric acid, and filtered. Ammonium 
chloride and an excess of ammonia are added to the filtrate, the precipitate 
filtered off and fedissolved, the precipitation being then repeated twice 
. as above. The united filtrates are evaporated to a small bulk, and, if 
necessary, the ammonium salts are removed by taking to dryness and 
: igniting. Sulphuretted hydrogen is then passed into the warm acid 
.'solution to precipitate copper and antimony, which 'are filtered off, the 
filtrate made just ammoniacal, and treated with ammonium sulphide. 
The combined precipitates of manganese and nickel sulphides are treated 
pn the filter with cold dilute hydrochloric *acid (1 : 6). The nickel 
Sulphide, which remains undissolved, is* thoroughly*washed and ignited 
to NiO. 
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7T1? mihod b ( ". p re 9 7 V “ h ' he W k <f ir * by 

sulphuretted hydrogen from the filtrate • f PPer ‘ After boiling off the 
and the residual iron removed as basTc ? • 13 ° XldlSed with add, 
precipitated from the boiling acetic <fo^ 6 ; the nickeI is then 

3- Dzmethylg ly oxime Method A mor” ^ ^Phuretted hydrogen. 

Brunck^hich is both rapid and acirT ^ metl ^ d ' duc to O. 
° f nickel by means of dimethylglvoxim^rR T the P reci P it ation 
whereby it can be separated from i ron Tom 3 ^ H ‘ CN0H ’ 

cobalt. Dimethylglyoxime is a l-/ omium > Zlnc > manganese, and 
water but soluble in warm alcohol a i,1S ° lubIe in 

is used for the precipitation; this produce* P l T alcohohc solution 
the nickel compound, which can be r earn bn f ht red P reci >'tate of 
dried at rio°to 120° has th» ° rea dily washed, and which whofT 

20-31 per cent. Ni. A slight excTof ammo^ 14 ^ 0 ^ 1 '’ 3nd c ° ntai ^ 
complete precipitation. . rnmonia is necessary to secure 

‘° th ' fcrric state ' 

f° di ™ acetal; £ 

chromium. Small quantities of m adopted in presence of 

not influence the results; if considerabl^ 6 ’ C ° PPer ’ 0r vana dium do 
Present, the precipitation bust be Effected i^ee! “ °/ "”«*«« be 
To carry out the method o- c to o T V f f acid sol «tion. 

° cc. of hydrochloric acid, which should T T $teel are dissolved in " 
xidised with nitric acid. If an v silica ^ be t0 ° concen trated and 

*op, to ensure complete pieSSon ^ “^“entl, added, drop W 
on a dried fUtnr paper, usingTsimUariy d ^ & ' 

'■ :t: i.'f^e,ar<l 9 07,2(,,83 4 K ■ ! r, ' d «ter paper „ 

- 3 , ■ , -Stahl u, £uen , 1908, 38, IS47 . ^4 > J. Soc. Chem. Ind., 1907,' 26. 6 ii. rei» 
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a tare. Wdowiszewski 1 converts the precipitate to nickel ‘oxide by 
careful ignition ; to avoid thfc sublimation of the glyoxime compound, 
the precipitate is rolled up in the moist filter paper, *and then wrapped 
in^a second filter paper before ignition. 

* 4. Dicyanodiamidine Method. In this method, introduced by H. 
Grossmann and Schiick, 2 nickel is precipitated by dicyanodiamidine 
sulphate. The precipitation is effected in an ammoniacal solution of 
a nickel salt in presence of an excess of potassium or sodium hydroxide ; 
the precipitate is pale yellow and crystalline, and has the composition 
when air-dry, Ni(C 2 H 5 N 4 0 ) 2 ^ 2 H 2 0 . 

For the determination, from 0*5 to 2-0 g. of the sample, according to 
the content of the nickel, are dissolved in aqua regia, the solution 
evaporated down to 1 5 c.c., any separated silica filtered off, and Rochelle 
salt added to the filtrate to prevent the precipitation of iron; from 15 
"to 20 g. are added in a 50 per cent, solution for every 1 g. of iron. If 
much manganese be present, hydrazine sulphate is added to prevent its 
being precipitated with the nickel. On the addition of the Rochelle 
salt a precipitate of acid potassium tarfrrate separates, which is coloured 
yellow by the enclosed mother-liquor ; this is dissolved by ammonia, 
and an excess of sodium hydroxide added (50 c.c. of a 20 per cent 
solution). The solution turns bright green, and ^should be perfectly 
clear. The nickel is then precipitated with 1 to 1-5 g. of dicyanodiami- 
dine sulphate (preferably in 10 per cent, solution), the precipitate allowed 
to stand for several hours, filtered off on a Gooch crucible, washed four 
to five times with 6 per cent ammonia, dried at 120° to 130° and 
weighed. The anhydrous compound contains 22-5 per cent, of nickel. 

5. Potassium Cyanide Volumetric Method. The following rapid 
method of determining the approximate percentage of nickel in a nickel 
steel is employed in many laboratories (Lambert). 3 

One gram of the sample is dissolved to a clear solution in 20 c.c. of 
nitric acid (1 : 1), the nitrous fumes boiled off, 100 c.c. of distilled water 
added, and the solution allowed to cool. Fifteen c.c. of ammonium- 
citrate solution (225 g. citric acid, 450 c.c. strong ammonia, and 1 50 c,c. 
water) are added, the whole neutralised with strong ammonia, and, when 
quite neutral, «not more than 1 c.c. of ammonia added in excess. A 
crystal of potassium iodide Is. then stirred in and the solution titrated 
with a solution of potassium cyanide containing silver nitrate (48-5 g. 
potassium cyanide, 0-5 g. silver nitrate, and 2000 c.c. water). The 
opalescence produced by the first additions of, the cyanide solution is 

# 1 Stahl u. Eisen, 1908, 28, 960 ; 1909, 29, 358 ; cf. also P. Bogoluboff, Stahl u . Eisen, 1910, 
30, 458 ; J. Soc. Chtm. Jnd., 1910, 29, 493. 

3 Chem. Zeit.y 1907, 31, 535, 91 x ; Stahl u. Eisen , 190^ 29, 143 ; cf. also Prettner, Chem . 
ZeiL, 1909, 36, 396, 41 1 ; Soc . Chem. Ind., 1909, 28, $25. 

3 Cf. G. T. Dougherty, Chem. News, 1907, 9$, 261, 268 ; and C. M. Johnson, J. Amer . 
Chem. Soc., 1907, 29, kjoi. 
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cleared up by further addition of cyanide until the solution remains 
crystal-dear for at least three minutes? The cyanide solution is 
standardised r against a known nickel steel or against 30 mg. of pure 
electrolytic' nickel, which represents steel containing about 3*0 per cent 
of nickel. The strength of the cyanide solution is so adjusted that 
approximately 30 c.c. are used for 30 mg. of nickel. 

This method is equally applicable for steels in sulphuric acid 
solution. 

6. Electrolytic Method, Neumann 1 has worked out the following 
electrolytic method for the estimation of rfickel in nickel steel. From 
2-5 to 5 g. of the metal are dissolved in dilute sulphuric acid, the 
solution oxidised with hydrogen peroxide and ammonium sulphate, and 
an excess of ammonia added. The liquid is boiled up, thoroughly 
shaken, allowed to cool, and made up to 500 c.c. The precipitated iron ^ 
is then filtered off and 100 c.c. of the clear solution withdrawn by a" 
pipette, or separated by filtration through a dry filter paper, for 
electrolysis. So much ammonium sulphate is added that the total 
quantity reaches 10 g., and in addition, 30 to 40 c.c. of ammonia and 
20 to 60 c.c. of water. An electromotive force of 3J to 4 volts, with a 
current density of 1 to 2 amperes per square decimetre, is used for 
the electrolysis, the liquid being warmed up to 50° to 6o°. The time 
required is about two hours. The accuracy of the method is not 
affected by the presence of silicon, carbon, or chromium, provided that 
the last be not present as chromic acid. Manganese is, at most, 
deposited in traces with the nickel. 

Aluminium. — Aluminium may be present up to 10 per cent, as a 
constituent of ferro-aluminium, or in very small quantity in cast iron, r 
to which it has been added as a deoxidiser. The analysis of ferro- 
aluminium is perfectly straightforward. It dissolves readily in acids, 
and the further procedure is the same as for argillaceous iron ores 
(cf. p. .9). The determination of small quantities of aluminium in 
presence of much iron is, on the other hand, somewhat difficult by the 
ordinary methods of analysis ; it is, however, much facilitated by the 
use of r the*ether-extraction method (p. 9) for the removal of the bulk 
of the iron. * 

According to Carnot, 2 aluminium is precipitated completely as 
phosphate from dilute acetic acid solution on boiling, even in presence 
of a large excess of iron, provided the latter be-in the ferrous condition. 

To carry out the estimation, 10 g. of metal are dissolved in hydro- 
chloric acid and neutralised, first with ammonia and finally with sodium 
carbonate. Sodium thiosulphate is added until the solution is colour^ 
less, then 2 to 3 c.c. of a saturated sodium phosphate solution and 20 c,c„ 

1 Stahl u. Eisen )t i%^%, 18, 910; J. Socf Chem. Ind r ., 1898, 17, 1074. 

2 Comptes rend., 1890, m, 914; Chem. News , 1881, 44, 85 ; i89r,«63, 10, 85, 172. 
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of Sodium acetate solution/arid the liquid boiled for three-quarters of an 
hour ; the smell of sulphur 'dioxide should be no longer noticeable at 
the end of this time. The precipitate is washed * with 'warm water, 
dissolved in hydrochloric acid, the solution evaporated to dryness, the 
silica filtered off, and the aluminium again precipitated as. above, at»d 
weighed as A 1 P 0 4 , which contains 22-18 per cent. Al. 

Modifications of this method have been described by Stead 1 and by 
Borsig. 2 

Ziegler 3 first eliminates silica, reduces the ferric chloride with 
sodium hypophosphite, precipitates the alumina with zinc oxide, repeats 
the precipitation after filtration and dissolving, again dissolves and 
precipitates twice successively with ammonia; a final purification is 
effected, after ignition, by fusion with alkali carbonates. 

*. Schoneis 4 dissolves the metal in nitric acid, evaporates to dryness, 
and fuses the residue with aluminium-free potassium hydroxide; the 
filtered extract is acidified and precipitated with ammonia. ’The 
alumina thus obtained may contain more or less silica, according to 
the nature of the metal ; this is remSved by evaporating with hydro- 
fluoric acid. ** 

Schneider has pointed out that all the above methods involve the 
use of reagents which may introduce more aluminium than is actually 
present in the metal. He, therefore, regards it as essential that the 
methods employed should involve the use of such reagents only as 
are easily obtained pure and easily tested, and from this standpoint has 
su gg es ted the following method, in which the reagents are restricted to 
ammonia, tartaric acid, and ammonium sulphide. 

Twelve grams of iron are dissolved in 150 c.c. of nitric acid of 
S P- S r - I-2 > a.nd 12 g. of tartaric acid and 400 c.c. of ammonia (1 : 1) 
added. A bulky precipitate is formed, which redissolves to a very dark, 
clear solution on heating to ioo°. The liquid is transferred to a two- 
litre flask, diluted with hot water, treated with 100 c.c. of ammonia 
(r : 1) freshly saturated with sulphuretted hydrogen, the whole well 
shaken, allowed to cool, and made up to the mark. After the precipitate 
has settled, it is filtered through a dry filter paper, and 150a c.c. of the 
filtrate ( = 9 S- metal) evaporated to dryness with nitric acid, and the 
residue gently ignited and treated with hydrofluoric and sulphuric acids 
to expel the silica. The residue thus obtained contains the oxides of 
vanadium and titanium, together with alumina ; it is fused with alkali 
carbonate, the melt dissolved in sulphuric acid, and the alumina precipi- 
tated as usual. 

V- See. Chem. Ind., 1889, 8, 966. I Stahl u. Eisen, 1894, 14, 6. 

3 Dingl. polyt. J., 1890, 275. 526 ; J Iron and Steel hint,, 1891, i., 440. 

4 Stahl u. Eisen, 1892, 12, 527 ; J Iron and Steel Inst., 1892, ii., 518. 

5 Oesterr. Zeitschrift , 40, 471. 
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The ether-extraction process for the preliminary removal of the fron 
( cf. p. *9) offers such marked advantages for the determination of 
aluminium that it is likely to supersede the methods described above. 
From 5 to io g. of iron are dissolved in hydrochloric acid and evaporated 
te> dryness. % The residue is lixiviated with dilute hydrochloric acid, the 
silica filtered off, the filtrate evaporated with addition of nitric acid to 
about 12 c.c., and extracted with ether. The aluminium is then precipi- 
tated as phosphate from the residual solution, as described on p. n. 

Chromium. — Chrome steels are soluble in sulphuric acid, hydro- 
chloric acid, or aqua regia. Ferro-chrome, however, is resistant towards 
acid, and has to be treated by fusion. 

Ziegler 1 fuses 0-5 g. of ferro-chrome in a silver crucible with 6 g. of 
sodium hydroxide and 3 g. of nitre. The charge is heated up very 
gradually, so as to reach complete fusion in half an hour. The melt is * 
taken up with water, saturated with carbonic acid, evaporated to dryness, 
lixiviated, filtered, and the residue washed with water containing sodium 
carbonate. By this procedure an efficient separation of iron and 
chromium is usually attained ; if is desirable, however, to test the ferric 
residue, both fot unattacked metal and for chromium. 

Namias 2 fuses 1 g. of ferro-chrome with 8 to 10 g. of acid potassium 
sulphate; after fusing for one hour, 2 to 3 g. more of acid sulphate arc 
added and melted tip. The mass is dissolved in dilute hydrochloric 
acid, the silica'ffiltered off, the filtrate nearly neutralised with sodium 
hydroxide, and precipitated by means of 2 g. of magnesia suspended in 
water. The precipitate is filtered, washed, ignited, and fused with a 
mixture of sodium carbonate and nitrate; all the chromium is thus 
ultimately obtained as sodium chromate. 

Spliller and Brenner 3 mix 0*35 g. of finely ground ferro-chrome with 
2 g. of dry powdered sodium hydroxide, with a silver spatula in a silver 
crucible, and cover the mixture with a layer of 4 g. of sodium peroxide. 
The mixture is rapidly heated up to incipient fusion ; the burner is then 
withdrawn during the violent reaction which occurs. After the first 
reaction is over, the crucible is ignited for ten minutes, 5 g. of sodium 
peroxide carefully stirred in, the fusion continued for thirty minutes, a 
further 5 g. of peroxide added, and the mass again ignited for twenty 
minutes ; the oxidation should then be complete. Finally, another 5 g. 
of peroxide are incorporated, in order to facilitate the lixiviation, and 
the crucible immediately allowed to cool. The further procedure is the 
same as in the case of chromiferous ores (cf p. 17). 

In the case of chrome steel, 2 g. are dissolved in 20 c.c. of strong 

hydrochloric acid and the solution evaporated to dryness with 10 c.c. of 

• 

1 Dingl.polyt.J., 1889, 274, 51 Chem . News, 1892, 66, 295. 

2 Stahl u. Eisen, 1890, 10, 977 ; J. Iron and Steel Inst , 1890, ii., 853, 

3 Chem, Zeit, , 1897, 21, 3 ; Stahl u. Eisen , 1897, 17, 101. 
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sulphuric acid > (i : i). The residue is heated to expel excess of acid, 
transferred to a silver crucible* and then treated like ferro-chrome: 

When it is desired to separate iron from chromium without having 
recourse to fusion, one of the following methods may be adopted. 

According to Galbraith, 1 5 g. of steel are dissolved, without access* 
of air, in 25 c.c. of hydrochloric acid of sp. gr. 1*12 and 200 c.cfof water. 
It is important to keej^ all the iron in the ferrous condition, as ferric 
chloride is precipitated by barium carbonate, whilst ferrous chloride is 
not. The solution is accordingly effected in a flask with an*attached 
tube dipping into distilled ^ater, as shown in Fig. 4, p. 33, or in a 
Contat-Gockel bulb (cf. Vol. I., p. 106). After complete solution, the 
liquid is diluted to about 400 c.c. and barium carbonate cautiously 
added, so as to be present in slight excess. The flask is then stoppered, 
flowed to stand for twenty-four hours, and shaken at intervals. The 
precipitated chromium hydroxide is filtered off, washed with cold water, 
dissolved in hydrochloric acid, and reprecipitated with ammonia. 
Sometimes the chromic oxide thus obtained is pure enough to weigh, 
but it is safer to fuse it with 3 g. of sodium carbonate and 0*5 g. of nitre, 
lixiviate, filter, evaporate to dryness with hydrochloric a<»id and alcohol, 
and precipitate the clear solution of chromic chloride with ammonia. 

Reinhardt 2 dissolves 10 g. of metal in 100 c.c. of hydrochloric acid 
of sp. gr. 1-19, oxidises the solution with potassium chlorate, evaporates 
to 50 c.c., filters, heats to boiling, and gradually adds 10 4 o 20 c.c. of a 
solution of sodium hypophosphite (200 g. dissolved in 400 c.c. of cold 
water and filtered after standing for some days). An excess of zinc 
oxide cream is then added to the reduced solution. The precipitate of 
* chromic hydroxide is filtered off, washed, dissolved in hot hydrochloric 
acid, reprecipitated with zinc oxide after again reducing with a little 
sodium hypophosphite, redissolved and reprecipitated twice successively 
with ammonia, to remove the zinc. The thoroughly washed precipitate, 
together with the original residue insoluble in acid, is finally fused with 
an oxidising mixture (eg, 8 g. of a mixture of four parts fused sodium 
chloride, one part sodium carbonate, and one part potassium chlorate), 
and a solution of alkali chromate thus obtained. % ♦ 

In dealing V^ith pig iron containing very little chromium, Donath 3 
proceeds as follows : — Three grams of metal are dissolved in hydro- 
chloric acid (1 : 1) and the solution heated to boiling. Meanwhile a 
solution of sodium carbonate is heated up in a porcelain dish. Both 
solutions are tinged a full red by the addition # of potassium perman- 
ganate. The iron solution is then slowly run into the sodium carbonate ; 
the iron and manganese are precipitated, whilst the chromium remains 

1 Dingl. polyt, ^.,1887, 266, 399. 

2 Stahl u. Eisen , 1889, 9, 404 ; J. Iron 'and Steel Inst,, *889, ii., 480. 

3 Stahl u. Eisen, 1894, 14, 446 ; J, Iron and Steel Inst,, 1894, ii., 493. 
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in solution as sodium chromate. The excess of permanganate is 
decomposed by alcohol, and the filtrate is then ready for the determina- 
tion of thoichrorpium. 

Stead 1 separates chromium from iron by precipitation as phospjmtc 
from a neutral solution in presence of sodium thiosulphate and acetate 
* as in the ‘method previously described for aluminium, fuses the precipitate 
with magnesia and sodium hydroxide, and so obtains sodium chromate. 

Whenever the chromiferous metal is soluble in acids, it is always 
advantageous to remove the bulk of the iron by extraction with ether 

(cf. p. 9)* # • 

The gravimetric determination of chromium in sodium chromate 
solutions is carried out as described under the analysis of ores (p. 17). 

To determine chromium volumetrically, a solution of 14 g. of ferrous 
ammonium sulphate in 1 litre of water, standardised against deci- 
normal potassium permanganate, is used. The chromate solution Is 
diluted, acidified with sulphuric acid, and reduced with the ferrous 
solution, the excess of which is titrated back with permanganate. The' 
iron value of the solution, divided by 52-12 : 167-64 = 0-3109, gives the 
value for chromium, since 3 g.-mol. of ferrous ammonium sulphate are 
oxidised by one equivalent of chromium. When the chromium is 
very small in amount, it is preferable, according to Zulkowski, 2 to 
titrate with potassium iodide and standard sodium thiosulphate, a 
check detern^ination being carried out simultaneously with a known 
quantity of a standard potassium bichromate solution. The solution 
of the chromate corresponding to 1 g. of the sample is treated with 
10 c.c. of potassium iodide solution (1 : 10), hydrochloric acid of sp. gr. 
i- 12 added, and the liberated iodine titrated with sodium thiosulphate ^ 
after standing for fifteen minutes in the dark. Twenty c.c. of 
a potassium bichromate solution, containing 0-9918 g. K 2 Cr 2 0 7 per 
litre = 0-00695 g. Cr per 20 c.c., are similarly titrated. The sodium 
thiosulphate solution contains 4-966 g. Na 2 S 2 0 3 , 5 H 2 0 per litre. 

Schneider 3 dissolves 2 g. of chrome steel in dilute sulphuric acid, 
oxidises with 5 cx. of strong nitric acid, boils off the nitrous fumes, adds 
5 g .of lead peroxide, boils again for a quarter of an hour, and filters. 
The filtrate is rendered ammoniacal, and boiled for a short time till the 
permanganate that has been formed is decomposed. Sulphuric acid is 
then added to dissolve the precipitate and the solution (filtered if 
necessary) titrated as above, after dilution to 1 litre. Should the 
solution, after the precipitation of iron, be so poor in chromium (less 
than o-i per cent) as not to appear yellow, it is separated by partial 
filtration, the filtrate acidified with sulphuric acid, and titrated. r 

1 J. Iron and Steel Inst., 1893, i., 1 60. 

2 Ckem . Zeit., 1897, 21$ 3 ; Stahl u. Eisen , 1897, 17, lot. 

3 O ester r. Zeitschrift, 40, 235 ; J. Iron and Steel Ins a, 1892, ii., 515. 
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The following volumetric methods for the estimation of chromium In 
iron and steel are due to A. W. Gregory-and J. MacCallum. 1 Two grams of 
the metal are dissolved in as little nitric acid as possible^and silver nitrate 
and ammonium persulphate added ; after boiling, ammonium chloride 
is added in sufficient quantity to precipitate nearly all of the silver, the* 
solution diluted to a definite volume, and filtered through asbestos. A 
quantity of the filtrate gqual to half the original volume of the solution 
is taken, excess of standard ferrous sulphate solution added, to reduce 
the chromate which has been formed, and the excess of ferrous # sulphate 
determined by titration with Standard potassium bichromate solution. 

Chromium can also be determined by means of sodium bismuthate. 
Two grams of the steel are dissolved in nitric acid, and about 3 g. of 
bismuthate added in small quantities at a time ; the solution is boiled 
till all the manganese is precipitated as dioxide, enough very dilute 
hydrochloric acid added to dissolve the manganese dioxide, and then 
excess of silver nitrate. The solution is boiled, made up to a definite 
volume, filtered through asbestos, and an aliquot portion titrated with 
ferrous sulphate and bichromate as abovt*. 

A colorimetric method for the estimation of chromium has been 
described by Hillebrand. 2 

Tungsten. — Tungsten steel and ferro-tungsten aye soluble in acids, 
whereas metallic tungsten is almost insoluble. AH methods of assay 
are based upon the separation of tungstic acid, which i5r purified and 
weighed as tungsten trioxide. 

In the case of tungsten steel, 1 to 2 g. are dissolved in dilute nitric 
acid and the solution evaporated down with sulphuric acid, as in the 
^determination of silica by Drowns . method (p. 45). The insoluble 
residue obtained on lixiviation is treated with hydrofluoric acid to expel 
silica, and ignited, but not over the blast. The trioxide is always 
contaminated with iron. According to Auchy, 3 the amount of this 
impurity is practically constant, viz., from 0-02 to 0*03 per cent, for 
steels containing less than 1 per cent, of tungsten, and from 0-03 to 
004 per cent for those which contain a higher proportion ; it cannot be 
removed by washing with hydrochloric acid. In order to obtain 
perfectly pure ttfoxide, the impure substance is converted into sodium 
tungstate by fusion with sodium carbonate, the melt lixiviated, the 
solution evaporated to dryness with nitric acid, and extracted with 
water; the trioxide thus left behind is filtered off, washed with dilute 
ammonium nitrate solution, dissolved in ammonia, evaporated to dry- 
ngss in a platinum vessel, and ignited and weighed. 

1 J. Chem. Soc 1907, 91, 1846. Cf. also G. v. Knorre, StahL u. Eisen , 1907, 27, 1251, and 
Phillips. Ibid., 1907, 27, 1164. 

2 /. Amer. Chem . Soc,, 1898, 20, 4$4 J Chem. News, 1898, 78, 227.^ 

8 /. Amer. Chem, Son, 1899, 21, 239 i J * Chem, Soc., 1899, 76, 524. 
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Herting 1 determines tungstic acid 'volumetrically b}4 titration with 
sodium hydroxide. The precipitated *acid, still contaminated with 
silica and iron, is washed on the filter with dilute nitric acid and then 
with 5 or io per cent potassium nitrate until the filtrate is neutral.* It 
• is then rinsed into a flask, boiled up with 200 c.c. of water, and titrated 
whilst hot with Nji sodium hydroxide, phenolphthalein being employed 
as indicator. One c.c. of sodium hydro^de solution neutralises 
0- 1 16 g. of W 0 3 , equivalent to 0-092 g. of tungsten. 

A method for the estimation of tungsten by precipitation with 
benzidine sulphate has been worked out Sy G. v. Knorre. 2 

Ferro-tungsten dissolves readily in aqua regia, but since some of 
the metal always escapes attack through being coated with tungstic 
acid, it is better to proceed by fusion from the start. Alkali carbonate 
and nitre, or sodium hydroxide and peroxide, or acid potassium sulphat®, 
or a mixture of three parts of fusion mixture with two parts of anhydrous 
borax, 3 may be used. 

Metallic tungsten is converted into the trioxide by roasting, either 
alone (Preusser 4 ) or with amfnonium nitrate (Ziegler 6 ). This is then 
further converted into sodium tungstate, either in the wet or dry way, 
and the clear solution evaporated with nitric acid, as above. 

A method foj dissolving ferro-tungsten, proposed by Namias, 0 
consists in boiling *the finely powdered alloy with concentrated sodium 
hydroxide oi*carbonate solution, to which bromine has been added. 

Molybdenum. — This element, like tungsten, is met with in molyb- 
denum steel, which contains up to 3 per cent., and in ferro-molybdenum, 
used in the manufacture of the steel. It may be determined by 
oxidising to molybdic acid, separating from iron, reducing to Mo 12 0 19 ,” 
and titrating with potassium permanganate. 7 

Convenient quantities for analysis are 1-5 g. of steel or 0-3 g. of 
ferro-molybdenum. The metal is dissolved in nitric acid, with or 
without addition of potassium chlorate, evaporated to dryness, 
redissolved in 20 c.c. of hydrochloric acid of sp. gr. 1-19, again 
evaporated to dryness, and taken up with 10 c.c. of hydrochloric acid. 
The ‘solution is poured into 100 c.c. of 10 per cent, sodium hydroxide 
solution, contained in a 300 c.c. measuring flask, made up to the 
mark, and thoroughly shaken. It is then filtered through a dry filter 
paper into a capacious flask, and 200 c.c. of the clear filtrate treated 
with 80 c.c. of hot dilute sulphuric acid (1 -.4) and 10 g. of zinc, and the 
liquid warmed, without actually boiling, for twenty to twenty-five 

1 Z an S‘ w - Ch ? m ; 1901 , 14, 165. 2 Stahl u. Eisen, 1906, 26, 1491 ; 1908, 28, 9861. 

3 Wdcrwiszewski, Stahl u. Eisen, 1895, 15, 675. 

4 Z. anal Chem. , 1889, 29,^73 ; Chem . News , 1889, 60, 37. 

5 Chem . ZeiL, 1889*13, 1060; Chem. News , 1889, 60, 272. 

6 Stahl u. Eisen , 1891, II, 757 ; J. Chem. Soc., 1892, 62, 539. 

v Auchy,^ Amer . Chem . Soc., 1902, 24, 273. * 
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minutes, until tlyj reduction is complete. It is then rapidly freed from 
zinc by filtration and titrated with NjiO or N/20 potassium perman- 
ganate. The iron value of the permanganate, multiplied* by 0606, gives 
the molybdenum. 

Vanadium. — According to Blum, this element is present in.minute 
quantities in most pig irons, ores, and slags. It also occurs* as an 
ingredient of vanadium stgcl. 

Ledebur 1 determines vanadium as follows : — Ten grams of pig, 2 to 
5 g. of vanadium steel, or 0-3 g. of ferro-vanadium are disso&ed in 
boiling dilute hydrochloric acfd in a flask. After cooling, a slight 
excess of barium carbonate is added, and the flask filled up with water, 
corked, and allowed to stand for twenty-four hours. The precipitate is 
filtered off, washed, dried, mixed with 5 to 10 g. of a mixture of one 
pajrt of nitre and fifteen parts of sodium carbonate, and fused in a 
platinum crucible. Should there be much graphite with the precipitate, 
it is well to burn it off before fusion. The melt is extracted with water, 
the filtrate acidified with hydrochloric acid, then made alkaline with 
"ammonia, and a few cubic centimetres of yellow ammonium sulphide 
added ; a slight excess of acetic acid is added to the reef liquid thus 
‘obtained. On standing for at least twenty-four hours in a stoppered 
flask all the vanadium will be precipitated as the # brown sulphide. 
This is filtered off, washed with water containing sulphuretted hydrogen, 
and ignited to V 2 O r> in a platinum crucible. The oxide contains 56*14 
per cent, of vanadium. 

Chromium, if present, is precipitated together with vanadium by 
barium carbonate. In this case the extract, after fusion, is evaporated 
with hydrochloric acid and alcohol, the residue dissolved in dilute 
hydrochloric acid, and a few grams of potassium chlorate added to 
re-oxidise the vanadium. The liquid is then boiled with a drop or 
two of ammonium phosphate and the chromium precipitated by 
ammonia. The vanadium in the filtrate is precipitated as sulphide, as 
above. 

For the determination of traces of vanadium in steel, 50 g. of the 
sample are dissolved in very dilute sulphuric acid (1 :2o); thcwaciti is 
preferably mixed find cooled before using, and then allowed to act on 
the metal over night. The carbonaceous residue is collected on a filter, 
transferred while wet to a platinum dish, dried, ignited, and allowed 
to cool. The residue is thoroughly mixed with sodium carbonate and 
nitrate, fused for some minutes, extracted with boiling water, filtered, 
an<i dilute nitric acid added to the filtrate till just on the point of 
acidity; a few drops of sodium carbonate are then added, and' the 
solution filtered from any small quantities of iron and manganese or 
silica that are precipitated. The filtrate is made slf^htly acid and the 

1 Leiifaden f Eisenhiitien Lafroratorien } 6th edition, p. 1 19. 



vanadium precipitated by mercurotfs nitrate, with J;he addition of 
mercuric oxide to ensure the neutrality of the solution. 

The mercury precipitate obtained by boiling the solution contains, 
besides the vanadium, any tungsten, chromium, etc., that may have been 
present in the sample. The residue, after ignition of the mercury 
precipitate, is again fused with a little sodium carbonate and a little 
nitrate, and extracted with the minimum quantity of water. From this 
solution the vanadium is precipitated by saturating the solution with 
pure solid ammonium chloride. After a few hours, the separated 
vanadium is collected, washed with* ammonium chloride solution, 
ignited, and weighed as the pentoxide, V 2 0 5 (Lambert). 

The following volumetric method for the estimation of vanadium, 
due to E. Campagne, 1 is to be recommended in absence of chromium, 
or if only an inconsiderable quantity of this metal is present Frpm 
2-5 to 5-0 g. of the sample, according to its content of vanadium/are 
dissolved in 60 c.c. of nitric acid of sp. gr. 1*18, and the solution 
evaporated to dryness in a porcelain dish ; in the case of alloys rich in 
vanadium, 0-25 g. are taken 3nd dissolved in 20 c.c. of acid. The residue 
is heated tef decompose the nitrates, as in the estimation of phosphorus, 
dissolved in concentrated hydrochloric acid, the bulk of the iron 
removed by the .ether-extraction process, the residual liquor evaporated 
twice successively almost to dryness, taken up with 50 c.c. of concen- 
trated hydrochloric acid, and finally, again evaporated with 5 to 10 c.c. 
of concentrated sulphuric acid until acid fumes begin to be evolved. 
The solution is then allowed to cool, dissolved in 300 c.c. of water, 
warmed to about 60 , and titrated with dilute permanganate solution. 

The initially formed vanadic acid is reduced by the hydrochloric ac!3, 
and the lower oxide then oxidised by the permanganate in accordance 
with the following equations : — 


V 2 0 5 + 2HCI - V 2 0 4 + Cl 2 + H 2 0 , 

S V 2 0 4 + 2KM n 0 4 + 3 H 2 S 0 4 - s V 2 0 5 + K 2 S 0 4 + 2 MnS 0 4 + 3 H 2 0 . 

The iron-value of the permanganate solution, multiplied by 0*914, 
accordingly gives the value for vanadium ; it is advisable to dilute the 
permanganate solution to five times its volume, on account of the small 
proportions of vanadium usually present, which gives 0*1828 as the 
conversion factor. 


. c op p er.— The majority of the methods for determining copper in 
iron depend upon the separation of the copper as sulphide. When 
iron is dissolved to a ferrous salt in dilute sulphuric or hydrochloric 
acid, all or some of the copper remains undissolved. If, on the other 
hand oxidation occurs during the solution, there is so much ferric salt' 
formed, that direct treatment with sulphuretted hydrogen is out of the 

1 Btr., 1903, 37 , 3166. 
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question. A previous reduction of the iron is, therefore, necessary 
before precipitating the copper. 

1. Gravimetric Method. At least io g. of metal are cMssolvSd in ioo 
c.c. of hydrochloric acid of sp. gr. i-ig, with the aid of nitric acid, 
chlorate, or hydrogen peroxide, and evaporated to 50 c.c. The solution 
is reduced by means of 5 g. of sodium hypophosphite at boiling 
temperature; this salt dogs not react with sulphuretted hydrogen, so 
that an excess is of no consequence. Sulphuretted hydrogen is passed 
in to the warm solution 1 until saturated, and the precipitate, together 
with the original residue, filtered off and washed with hot water. 
It is then sprayed into a beaker, the filter ash added, the whole boiled 
with hydrochloric acid of sp. gr. 1-19 and 1 to 2 g. of potassium chlorate 
till completely dissolved, and the solution evaporated to dryness ; the 
silica is filtered off and the copper precipitated as sulphide in the filtrate, 
and’ weighed, after ignition ; or else the filtrate is freed from chlorides 
by evaporating with sulphuric acid and then subjected to electrolysis. 

For reducing ferric chloride to the ferrous state, de Koninck 2 
recommends acid sodium sulphite. According to v. Reis,® the precipita- 
tion of copper is conveniently effected by ammonium dithiocarbamate, 
CS.NH3.SNHj. The solution to be precipitated is diluted to 600 to 
700 c.c., 10 c.c. of ammonium dithiocarbamate solutiQn added to the 
stirred liquid, and the stirring continued for some time. On standing, 
copper sulphide settles out, and is filtered off without difficulty ; it is 
washed with water containing 10 c.c. of ammonium dithiocarbamate 
solution and 20 c.c. of concentrated hydrochloric acid in the litre. The 
dithiocarbamate solution is prepared by shaking up 250 c.c. of concen- 
trated ammonia, 250 c.c. of 95 per cent, alcohol, and 50 c.c. of carbon 
bisulphide; when the latter has gone into solution, the dark red liquid 
is diluted with four volumes of water. 

Ledebur prefers to dissolve the metal with exclusion of air before 

precipitating the copper. He finds that the precipitate is hardly ever 

free from iron sulphide, and sometimes contains antimony sulphide; 

these admixtures have to be taken into account in the subsequent 
- » 
operations. * 

2. Electrolytic Method. Ten to twenty grams of iron are treated with 
40 c.c. of dilute sulphuric acid, and a further 40 c.c. are added after 
the first reaction is completed. When nothing more goes into solution, 
the liquid is diluted to 200 c.c. and filtered. The residue is ignited in 
a porcelain crucible, dissolved in fuming nitric acid, evaporated with 
sulphuric acid until fumes are evolved, taken up with 20 c.c. of nitric 
• acid of sp. gr. 1*2 and 20 c.c. of water, filtered, diluted to 120 c.c., 

and electrolysed with a current of 0-5 to 1-0 ampere per sq. dcm. 

1 Cf. Reinhart, Stahl u. Bisen , 1889, 9, 404. 2 Rev* Unit 34, 235. 

3 Stahl u. Bisen , 1891, II, 238 j J. Iron and Steel Inst . , 1891, L, 44I. 
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3. Colorimetric Method. This method, as described by Ziegler, 
has' been modified by Perillon. 1 Solutions obtained by adding an 
excess of ammonia to copper nitrate are compared for depth of tint. 
The standard is made up by dissolving electrolytic copper in .nitric 
» acid and adding just enough ammonia to redissolve the precipitate. 
It is desirable to have two standards at hand, containing 2-0 and 02 
mg. of copper per cubic centimetre, respectively. 

The test solutions are prepared by precipitating the copper as 
sulphi 3 e and dissolving it in nitric acid. Colorimeter tubes, as employed 
for Eggertz’s carbon assay, are used, anefthe test is diluted until it attains 
the tint of the standard {cf. p. 57). The method is very delicate, and 
is especially adapted to the estimation of very small amounts of copper. 

Arsenic and Antimony. — Arsenic may be determined either by 
precipitation as arsenic sulphide and converting this into magnesium 
pyroarsenate, or by distillation as arsenic trichloride and subsequent 
precipitation with magnesia mixture. When iron is dissolved in hydro- 
chloric acid, arseniuretted hydrogen is not evolved, unless the solution 
is made very acid. According to v. Ries, 2 arsenic may be relied upon* 
not to escape as arseniuretted hydrogen when dilute sulphuric acid 
(1 : s) is used. 

1. Sulphide Method. Ten to fifty grams of metal are dissolved in 
hydrochloric acid of sp. gr. 1-19 and precipitated as for the determina- 
tion of copper. The sulphides are dissolved, the silica and graphite 
filtered off, and the filtrate warmed with a slight excess of potassium 
hydroxide and sodium sulphide ; the copper is thus precipitated, whilst 
arsenic remains in solution. The filtrate is acidified with hydrochloric 
acid and allowed to stand for a day. The precipitated arsenic sulphafe 
is filtered, washed, and oxidised with hydrochloric acid and potassium 
chlorate. The solution is again filtered through a small filter paper, 
the filtrate concentrated to a few cubic centimetres, tartaric acid and an 
excess of ammonia added (which should produce no precipitate), and 
precipitated with magnesia mixture. At least twenty-four hours at the 
ordinary temperature are required to complete the precipitation of 
arrftnoi^ium magnesium arsenate. The precipitate is treated exactly 
like the corresponding phosphorous compound, and*is finally weighed 
as Mg 2 As 2 0 7 . v. Reis 3 states that if the quantity of arsenic present 
is not too small, vigorous stirring and subsequent standing for fifteen 
minutes suffices to ensure the complete precipitation of the arsenic. 

When, as very rarely happens, antimony is also present, it will' pass 
into the filtrate from the above-mentioned magnesia precipitation. On 
acidifying, warming, and passing in sulphuretted hydrogen, antimony 
sulphide is precipitated, and can be converted into the oxide and 
weighed. * 

1 Dingl.polyt. J., 1892, 285, 142. • Sluhl u. £isen, 1889, 9, 7 28. 8 M., 1889, 9, 720. 
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2. Distillation Method. In this method, impure arsenic sulphide is 
precipitated as above, dissolved *in hydrochloric acid with the addition 
of a little bromine, and then proceeded with as described on p.*2i. 

According to Stead, 1 the arsenic in the distillate may be determined 
directly by titration, instead of being converted into magnesium pyro- 
arsenate. The distillate is rendered alkaline with ammonia, and then 
slightly acidified with hydrochloric acid. A small excess of sodium 
bicarbonate is added, together with some starch paste, and the solution 
titrated with standard iodine solution. The solutions required are : — 
i. Arsenious acid : 066 g. <Jf pure arsenic trioxide = 0*5 g. As, and 
2 g. of sodium carbonate, are dissolved in 100 c.c. of boiling water. 
After cooling, 2 g. of sodium bicarbonate are added and the solution 
made up to a litre. One c.c. = 0-5 mg. As. 

# 2. Iodine: 1*2692 g. of resublimed iodine and 2 g. of potassium 
iodide are made up to a litre. One c.c. = 1 c.c. of standard arsenious 
acid solution = 0*5 mg. As. 

Tin. — Tin is quite an abnormal constituent of iron, but may be 
•introduced by the use of tinplate scrap •in the manufacture. It has 
sometimes to be determined in tinplate itself. • 

The usual method for the estimation of the tin is to dissolve the 
tinplate in hydrochloric acid, filter, and treat the filtrate with sodium 
carbonate or ammonia until a slight precipitate is* formed ; this is 
redissolved and the liquid saturated with sulphuretted hydrogen. 
After standing, the precipitate is collected, warmed with potassium 
sulphide solution to remove iron, lead, etc., and stannic sulphide 
precipitated from the filtrate by acetic acid ; the precipitate is then 
^aporated in a porcelain crucible with nitric acid, ignited, and weighed 
as tin dioxide. One gram Sn 0 2 = 0*7881 g. Sn. 

According to Mastbaum, 2 when tinplate is boiled for a few minutes 
with 8 to 10 per cent, hydrochloric acid, all the tin is dissolved, with 
very little of the iron. He digests not less than 25 g. of tinplate 
snippets from two to four times successively with 50 c.c. of 10 per cent, 
hydrochloric acid, boiling for five minutes in a beaker each time, and 
pours the solutions into a graduated 250 c.c. flask. From the appear^ice 
of the metal, it cart easily be judged when all the tin has been dissolved 
away. After making up to the mark, 50 c.c, of the solution are with- 
drawn with a pipette, ammonia added to incipient precipitation, and 
then 10 cx. of yellow ammonium sulphide; the liquid is then well 
shaken and made up to 100 c.c. Fifty c.c. of th£ clear tin sulphide 
solution, =2*5 g. of tinplate, are diluted, acidified with acetic acid, the 
precipitate allowed to settle, rinsed on to a filter with 10 per cent 
ammonium acetate solution, the precipitate dried, and ignited to oxide, 

m 

1 /. Iron and Steel Inst., 1895, i., no;/. Soc. Chem . hut, 1895, 14, 444. 

2 Z. angew . €hem. t 1897* 10, 330. 
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with repeated moistenings with ammonium carbonate, r Or, if preferred, 
the Sulphide solution may be taken directly to dryness and ignited. 

The chlorine method of Lunge and Marmier 1 is considerably more 
rapid. Two to three grams of tinplate are cut into strips, introduced 
into a bulb-tube, and heated in a current of dry chlorine at a sufficiently 
low temperature so that the tin tetrachloride distils off, whilst the ferric 
chloride, if formed at all, does not volatilise. r The further end of the 
bulb-tube is prolonged into the limb of a Peligot’s U-tube charged with 
water, Co which a second (J-tube and a small conical flask are attached. 
Tin tetrachloride begins to distil off r in the cold; as the reaction 
slackens, heat is gently applied, and after two to three hours the surface 
of the iron appears uniformly brown without white specks. Any tin 
chloride remaining in the U-tube is driven over by the aid of a small 
flame, and the chlorine is then displaced by a current of carbon dioxide. 
The end of the bulb-tube is cautiously washed out with dilute hydro- 
chloric acid, taking care to avoid dissolving the ferric chloride; the 
receivers are similarly treated and the united liquids neutralised with 
ammonia until a slight precipitate is produced, which is redissolved* 
by a drop 05 * two of hydrochloric acid. The tin is then precipitated, 
either as metastannic acid by means of ammonium nitrate, or as * 
sulphide. 

A method ba«ed on the extraction of tin by fusion with sodium 
peroxide has been described by Augenot. 2 The flux is extracted with 
water, the ferric oxide filtered off, and the tin precipitated in the filtrate 
by acid, as hydroxide, and weighed as Sn 0 2 . 

Sulphur. — No kind of commercial iron’ is entirely free from sulphur, 
and its determination is a matter of great importance, as smsff 
quantities are sufficient to render refined irons and steels unfit for use. 

The various methods proposed for the estimation of sulphur fall into 
three classes : — 

1. Evolution of the sulphur as sulphuretted hydrogen and determina- 
tion via metallic sulphides. 

2. Evolution of the sulphur as sulphuretted hydrogen and conversion 
intc? barium sulphate. 

3. Direct precipitation as barium sulphate. • 

Evolution of the Sulphur as Sulphuretted Hydrogen and determina- 
tion via Metallic Sulphides. In these methods the sulphuretted hydrogen 
is absorbed without oxidation ; the sulphides thus formed are deter- 
mined either gravinjetrically, volumetrically, or colorimetrically. The 

last method gives only approximate results, but the two former are very 
accurate. > 

Gravimetric Method*. Silver, lead, copper, and cadmium salts have 
been proposed forthe gravimetric absorption of sulphuretted hydrogen. 

1 Z angew . Chem ., 1895, 8, 429. s Ibid . , 1964, 17, 521. 



IRON AND STEEL : SULPHUR 


81 


Silver and copper salts, however, have been shown by Schulte 1 to be 
unsuitable, since" other gases than sulphuretted hydrogen are evolved, 
which yield metallic silver with silver acetate and a yellow precipitate 
containing phosphorus with copper acetate. Schulte finds cadmium 
acetate, first proposed by Wiborgh, to be the best absorbent ; it can be 
partially replaced by zinc acetate. The precipitated sulphide is con- 
verted into copper sulphide and ultimately weighed as cupric oxide. 
The absorbent is made up by dissolving 25 g. of cadmium acetate in a 
mixture of 250 c.c. of acetic acid and 250 c.c. of water on the* water- 
bath, diluting to a litre, and filtering ; or 5 g. of cadmium acetate and 
20 g. of zinc acetate may be used as an economy. The solution for 
converting the cadmium sulphide into copper sulphide is made up by 
dissolving 120 g. of crystallised copper sulphate in 800 c.c. of water and 
1^0 c.c. of concentrated sulphuric acid and diluting to one litre. 

* The apparatus which is best adapted for carrying out the determina- 
tion is shown in Fig. 16. The use of a carbon dioxide generator and of 
a combustion furnace, formerly employed, is superfluous. 

A is the decomposition flask, which is provided with a dropping 
funnel B, and an exit tube fitted with a three-way tap B ; the wash- 
bottle E serves to collect the hydrochloric acid which distils off, and is 
connected to the absorption flask F. 

Concentrated hydrochloric acid of sp. gr. 1-19 is used for the decom- 
position in preference to dilute acid, which was formerly employed, as it 
has> been shown by Schindler, 2 by Reinhardt, 3 and by Schulte, 4 that with 
sufficient concentrated acid no organic sulphur is evolved, so that the 
use of a combustion furnace is unnecessary. It is necessary, however, to 
ensure that no hydrochloric acid is carried over from the wash-bottle 
into the absorption flask ; as long as the concentration of the acid in 
the former does not exceed 12 per cent., there is no danger of this 
occurring. 

To carry out the determination, 10 g. of the sample are placed in A, 
160 c.c, of water in E, and 30 to 35 c.c. of the cadmium acetate solution 
in F. Fifty c.c. of hydrochloric acid are then run in from B, 25 c.c. 
being first added, and the remaining 25 c.c. after a short interval if* the 
action is not too* violent ; a further 50 c.c. are subsequently added, 
similarly, making a total of 100 c.c. of acid. The decomposition is 
regulated so that three to four bubbles of gas are evolved per second ; 
this is readily effected by employing a luminous flame provided with a 
regulator for the heating. The contents of the absorption flask must 
no^ be allowed to get hot during the decomposition. When the 
decomposition becomes slow, the flame is raised gradually until the 
solution approaches the boiling point, the tap of B then opened to prevent 

1 Stahl u. Eisen , 1896, 16, 867 ; Chem. News, 1897, 75, 47. 

2 X. angew, Chem., 1893,-6, II. 3 Stahl it . Eisen , 1906, 26, 799, 4 1 /M , 1906, 26, 985. 
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any sucking back from the wash-bo&le, and the solution heated to 
boiling for eight to ten minutes. The decomposition flask is then 
detached, the burner moved to under the wash-bottle, the three-way tap 
D closed, and the contents of the wash-bottle heated to boiling for five 
minutes. The liquid in F is thereby warmed, and some 1 5 to 20 g, of 
water vapour, together with a very little hydrochloric acid, are con- 
densed in it; the latter has no injurious effect. When the acetate 
solution is almost boiling the determination is complete, as all 
sulphuretted hydrogen will then have been driven out of the wash- 



Fig. 16 . 


bottle. *The residual solution in the decomposition flask can be used 
for the estimation of copper or of silicon. The contents of the absorp- 
tion flask are then treated with 5 c.c. of the copper solution, prepared as 
described above, the precipitate collected on an ash-free filter paper, 
washed with slightly acidulated water, and ignited to cupric oxide in a 
platinum dish. The weight of CuO X 0-403 = S. 

Volumetric Method. In the volumetric method, as worked out Iby 
Reinhardt, 1 the cadmium sulphide is filtered off, treated with potassium 
iodide and hydrochloric *acid, and the excess of iodine titrated back with 

1 Stahl u, Eisen y 1906, 26, 800. 



IRON AND STEEL: SULPHUR 83 

• * 

sodium thiosulghate. The following equations represent the decomposi- 
tions: — 

CdS + 2 HCl = CdCl 2 + H 2 S. 

H 2 S + I 2 = 2HI4-S. 

The precipitate of cadmium sulphide is filtered, washed with 
ammonia (i : 3), the filter paper and precipitate washed back into the 
original flask, 20 to 50 c.c? of standard iodine solution added, then 20 c.c. 
of hydrochloric acid (1 : 1) and 200 c.c. of water, and the solutionidtrated 
back with sodium thiosulphate? after the addition of starch solution. 


Colorimetric Method. Wiborgh’s 
claim to accuracy, but is useful 
for rough and approximate tests. 
Sulphuretted hydrogen is evolved 
and made to pass through several 
layers of fabric impregnated with 
metallic salts, with which it gives 

• a more or less pronounced colour. 
Discs, 80 mm. in diameter, of fine 

• cotton sheeting, are soaked in a 
5 per cent, aqueous solution of 
cadmium acetate, and are then 
laid on a clean linen cloth and 
allowed to dry. Cadmium acetate 
tends to give very uniform tints, 
and there is no danger of the sul- 
phide being decomposed by the acid 
vapours evolved ; but the acetate is 
somewhat unstable, and if the sul- 
phur coloration turns out patchy, 
the test must be repeated. An 
escape of unabsorbed sulphuretted 
hydrogen need not be feared ; when 
the sulphur content is very low, 
only the under §ide of the fabric 
is found to be coloured, and in no 
case does a second, superimposed 
disc show a coloration. 

The apparatus used by Wiborgh 
(Fig. 17) consists of a wide-necked 
flask a with a rubber stopper hold- 
ing a funnel and a cylindrical tube c. 
the fabric is held in position across its 

1 StahLu . Eisen, 1886 , 6 . 230 ; C 


1 colorimetric method can lay no 



Fig. 17 . 

The latter is 58 mm. wide, and 
upper end by*a rubber washer d } 

hcm % Nezvs, 1 886, 54, 158. 
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any sucking back from the wash-bodtle, and the solution heated tc 
boiling for eight to ten minu.tes. The decomposition flask is then 
detached, the burner moved to under the wash-bottle, the three-way tap 
D closed, and the contents of the wash-bottle heated to boiling for five 
# minutes. The liquid in F is thereby warmed, and some 1 5 to 20 g. oi 
water vapour, together with a very little hydrochloric acid, arc con- 
densed in it ; the latter has no injurious effect. When the acetate 
solution is almost boiling the determination is complete, as all 
sulphufetted hydrogen will then have been driven out of the wash- 



Fia. 16. 


bottle. *The residual solution in the decomposition flask can be used 
for the estimation of copper or of silicon. The contents of the absorp- 
tion flask are then treated with g c.c. of the copper solution, prepared as 
described above, the precipitate collected on an ash-free filter paper, 
washed with slightly acidulated water, and ignited to cupric oxide in a 
platinum dish. The weight of CuO X 0-403 = S. 

Volumetric Method. In the volumetric method, as worked out Isy 
Reinhardt, 1 the cadmium sulphide is filtered off, treated with potassium 
iodide and hydrochloric acid, and the excess of iodine titrated back with 

1 Stahl u, Eisen . iqo 6. 26 £no. 
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sodiiwn thiosulghate. The following equations represent the decomposi- 
tions:— * 

CdS + 2HCI - CdCl 2 + H 2 S. 

H 2 S + I 2 = 2HI + S. 

The precipitate of cadmium sulphide is filtered, washed with 
ammonia (1 : 3), the filter paper and precipitate washed back into the 
original flask, 20 to 50 c.cTof standard iodine solution added, then 20 c.c. 
of hydrochloric acid’ (1 : 1) and 200 c.c. of water, and the solutiontitrated 
back with sodium thiosulphate? after the addition of starch solution. 

Colorimetric Method. Wiborgh’s 1 colorimetric method can lay no 
claim to accuracy, but is useful 
for rough and approximate tests. 

Sulphuretted hydrogen is evolved 
and made to pass through several 
layers of fabric impregnated with 
metallic salts, with which it gives 

♦ a more or less pronounced colour. 

Discs, 80 mm. in diameter, of fine 

• cotton sheeting, are soaked in a 
5 per cent, aqueous solution of 
cadmium acetate, and are then 
laid on a clean linen cloth and 
allowed to dry. Cadmium acetate 
tends to give very uniform tints, 
and there is no danger of the sul- 
phide being decomposed by the acid 
vapours evolved ; but the acetate is 
somewhat unstable, and if the sul- 
phur coloration turns out patchy, 
the test must be repeated. An 
escape of unabsorbed sulphuretted 
hydrogen need not be feared ; when 
the sulphur content is very low, 
only the under Hide of the fabric 
is found to be coloured, and in no 
case does a second, superimposed 
disc show a coloration. 

The apparatus used by Wiborgh 
(Fig. 1 7) consists of a wide-necked 
flask a with a rubber stopper hold- 
ing a funnel b, and a cylindrical tube c. The latter is 58 mm. wide, and 
the fabric is held in position across its upper end by-a rubber washer d } 

1 SlahLu . Risen, 1 886 , 6, 230 ; Chem % News , 1886 , 54 , 158 . 
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and a wooden ring e y so that a circular irea of 55 mm. is exposed. » The 
flask is half-filled with distilled .water, the metal introduced, and as 
much acid fis may be required run in from b. At the outset the water 
in the flask is boiled up to expel the air, and the heating is continued 
m until the test is completed. The depth of tint obtained on the fabric 
is estimated by comparison with a scale. It is essential that the lower, 
drawn-out end of c should be concentric with the body of the tube. 

A scale of colorations is prepared by dissolving various weights of 
one anfl the same sample of iron, in which the sulphur has been 
accurately determined by other methods • Differences of tint are better 
observed when the total sulphur is low than when the proportion is 
considerable. This difficulty is met, however, by weighing out a greater 
or less quantity of the sample ; thus, for a sulphur-content of 0-0025 per 
cent., o-8 g. are taken, and for 2 per cent. 0-02 g. The scale prescribed 
by Wiborgh has seven degrees, obtained by treating 40, 80, 175, 26 f 
400, 629, and 800 mg. of iron respectively, containing 0-05 per cent, of 
sulphur. Identical results would be produced by 100 mg. of samples 
containing 0*02, 0*04, 0*08, o-ic, 0-20, 0*28, and 0-40 of sulphur respec- 
tively. • 

2. Evolution of the Sulphur as Sulphuretted Hydrogen , and conversion 
into Barium Sulphate. The apparatus employed in this method is 
shown in Fig. i8.» Ten grams of the sample are introduced into the 




r , , ^ aaa, saturated with bromine, placed 

m the absorption bulb. % 

The metal is dissolved by the addition of ioo c.c. of hydrochloric 
acid of sp. gr. 1-19, the solution boiled for five minute 
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of carbon dioxide passed through for a further ten minutes. The con- 
tents of the absorption bulb* are then washed out into a porcelain 
dish, 5 c.c. of sodium carbonate solution (i : io) added, the vfhole evapo- 
rated to dryness, taken up with io c.c. of hydrochloric acid ('I : i) and 
water, and filtered. The solution is precipitated as usual witji barium • 
chloride, and the resulting barium sulphate ignited and weighed ; any 
content of sulphur in the brom-hydrochloric acid must, of course, be 
determined by a blank experiment and deducted. The weight of 
BaS0 4 x 13*744 gives the per cent, of S. 

The apparatus shown in Fig. 19 was devised by Corleis for measur- 
ing off the brom-hydrochloric acid. 

3. Direct precipitation as Barium Sulphate . Krug, 1 Meinecke, 2 and 
Phillips 3 have pointed out independently that there are two sources of 
-error in all methods of determining sulphur in iron and steel which 
depend on its liberation as sulphuretted hydrogen. On the one hand 
the whole of the sulphur is not evolved as sulphuretted hydrogen* 
dimethyl sulphide, (CH 3 ) 2 S, being also formed, and on the other hand a 
portion remains behind in the decomposition in part as iron (and 
copper) sulphide. These sources of error have, however, been shown 
to be unimportant, if not illusory. To avoid them the only method is to 
completely oxidise the sulphur during solution to sulphuric acid and to 
precipitate it as barium sulphate. The results obtained by this method 
are, however, inaccurate, unless certain precautions are adopted, whilst 
the method is too lengthy to be used where numerous determinations 
are required. 

The following form of this method has been worked out by Krug. 4 
"Five grams of the sample are dissolved in 50 c.c. of nitric acid of sp. gr. 1-4 
in a 500 c.c. round-bottom flask. The solution is first warmed gently 
until the evolution of nitrous fumes has ceased, and then gradually 
heated to boiling; solution is complete in one to two hours. To 
prevent any volatilisation of sulphuric acid when the ferric nitrate is 
subsequently ignited, 0-25 g. of pure potassium nitrate are added, which 
retains the free sulphuric acid as potassium sulphate. The solution is 
evaporated to dryness, ignited, the residue dissolved in hydrocWoric acid, 
evaporated till chlorine ceases to be evolved, the silica and insoluble 
matter filtered off, the filtrate concentrated, and the bulk of the iron 
removed by the ether-extraction method (p. 9). The sulphuric add is 
then precipitated in the residual solution with barium chloride. 

The results obtained by this method and by die bromine method of 
(oxidation (No. 2) are concordant in the case of malleable iron and of 
steel, but they are less so in the case of cast iron. 

Two opposing defects are, moreover, inherent in this method. On 

1 Stahl u. Risen , 1905, 26, 887. 2 Z. atigew . Client 1888, i, 377. 

3 J. Soc. Client: Ind., 1896, 15, 218. 4 Stahl u. Risen , 1905, 26, 887. 
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the one hand, barium sulphate is precipitated incompletely in presence 
of a large excess of acid; and on the other, precipitates from only 
moderatel/ acid solutions tend to carry down more or less iron with 
them. By adopting certain precautions, these errors may be made to 
• compensate each other to a considerable extent. 

According to Platz, 1 5 g. of pig iron are dissolved in nitric acid of 
sp. gr. i-2, evaporated to dryness with hydrochloric acid, the residue 
dissolved in hydrochloric acid, the solution evaporated to syrupy con- 
sistency, diluted, filtered, and precipitated cold with barium chloride. 
After standing at the ordinary temperature for twelve hours, the barium 
sulphate is filtered off, washed with cold water, and burnt wet. Were 
the solution precipitated boiling, the barium chloride solution, which is 
apt to become basic during the evaporation, would precipitate a con- 
siderable quantity of the iron. In any case, a little iron, owing to 
adsorption by the filter, will be found in the ignited precipitate. The 
latter is, therefore, treated with a little hydrochloric acid and boiled with 
water and a drop of barium chloride, when pure, white barium sulphate, 
free from iron, is obtained. • 

Tamm 2 dissolves 5 g. of metal by boiling with 50 c.c. of water and 
10 g. of potassium chlorate, and first adding 1 c.c. of hydrochloric acid 
to start the reaction ; 5 c.c. of hydrochloric acid are then added, and 
further successive* portions, each of 5 c.c., until there is no further 
evolution o& chlorine and the metal is completely dissolved. The 
precipitation is then effected with barium chloride in the warm solution 
and the precipitate treated as above. 

Schneider, 3 in criticising the above methods, holds that the iron 
contaminating the barium sulphate precipitate is present as fcrrR 
sulphate, which is liable to separate out of solution even in presence of 
much hydrochloric acid. When the precipitate is ignited, so much 
sulphuric acid as was combined with the iron escapes, and thus leads 
to low results. On further extracting the iron with acid, the error is 
increased in the same direction (cf. Vol. I., p. 275). 

Phosphorus. — Phosphorus is determined in metallic iron in the 
samemiaimer as in iron ores (p. 22). Two points have to be specially 
taken into consideration ; the silicon must be entirely eliminated as 
silica, and the phosphorus must be fully oxidised to phosphoric acid. 

The amount of metal to be weighed out depends on its nature ; of 
iron for the basic process 0*5 g. is taken ; of cast and puddling iron 1 to 
2 g. ; and of iron for the acid process 2 to 5 g. 

1. The Ignition Method. The metal is dissolved, in a porcelain di$h 
covered with a clock-glass, in 25 to 80 c.c. of nitric acid of sp. gr. 1*2, 
the solution evaporated*to dryness, and the nitrates decomposed by 

1 Stahl u. Eisen , 1887, 7, 256 ; J. Iron and Steel Inst., 1887, i., 471. 

2 J Iron and Steel Inst., 1887, ii„ 369. s Qesterr. Zeitschrift, 41, 365. 
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heatii*g the residue on a wire galize over the free flame. The silica is 
thus rendered insoluble, and fhe phosphorus is converted into phos- 
phoric acid. The mass is warmed with io to 20 c.c. of concentrated 
hydrochloric acid and evaporated to syrupy consistency ; 10 c.c. of nitric 
acid and (after a few minutes) hot water are added, the solution filtered, 
and the residue washed with dilute nitric acid. The filtrate*, which 
should amount to about ipo c.c., is neutralised with ammonia, heated to 
nearly boiling with 1 g. of ammonium nitrate, and precipitated with 
25 c.c. of molybdate reagent; fifteen minutes at 8o° to 90° are Showed 
for complete precipitation. Tfte phospho-molybdate is then filtered off, 
washed with nitric acid (1 : i), dissolved in 10 c.c. of 50 per cent citrate 
solution (cf. p. 23), washed with ammoniacal water, and precipitated 
with 2 c.c. of magnesia mixture, the further procedure being the same 
in the analysis of ores. Should the solution be tinged green owing 
to the presence of reduced molybdic acid, this is oxidised by adding a 
few drops of hydrogen peroxide. 

2. The Oxidation Method (v. Reis 1 ). Oxidation by potassium 
permanganate is made use of, instead of# ignition, in order to convert 
the phosphorous into phosphoric acid. The metal is dissolved in nitric 
acid and 25 c.c. of permanganate (10 g. to the litre) added, together 
with 8 to 10 g. of ammonium chloride, which effects the re-solution of 
precipitated manganese peroxide. The liquid is boiled until clear, 
evaporated to dryness, and proceeded with as in the ignition method. 

Malleable iron and steel generally contain so little silica that it is 
sometimes disregarded ; tool-steel and certain Bessemer irons are 
exceptions. Evaporation to dryness can then be dispensed with. The 
metal is simply dissolved, treated with potassium permanganate and 
ammonium chloride, and precipitated directly with molybdate reagent. 

The following rapid method is used in many iron works’ laboratories. 2 
Five grams of steel are dissolved, oxidised with permanganate, 
evaporated to 25 c.c., and rinsed into a 400 c.c. conical flask. Ammonia 
is added very gradually, with continual agitation, in slight excess, and 
the solution then acidified with nitric acid until the liquid is clear, and 
the temperature brought up to about 90°. After adding 40 cc. of 
molybdate solutton, the flask is closed with^a rubber stopper, wrapped 
in a thick cloth, and thoroughly shaken. The precipitate is allowed to 
settle, filtered off, and determined either by direct weighing or by 
titration, or by precipitation after solution, with magnesia mixture. 

C. Meinecke 8 has proposed to dry and ignite tfce phospho-molybdate 
precipitate and to weigh it as 24M0O3. P 2 0 5 . This method necessitates 
the previous removal of arsenic. 4 

1 J. Iron and Steel Inst., 1887, ii. 365. * 

2 Cf. Blair, The Analysis of Iron and Steel \ p. 88, 3 Chem . Zeit., 1896, 20, 13. 

4 Cf. Frank and Henrichsen, Stahl 14. Eisen , 1908, 28, 293. 
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Oxygen. — None of the methods hitherto proposed for determining 
oxygen, which may be present as fer rolls or manganous oxide, in iron 
can be regarded as wholly satisfactory. The best available method is 
certainly that due to Ledebur, 1 in which the oxides are reduced by 
means of hydrogen and the resulting water collected. Irons containing 
enclosed slag give meaningless results by this method, since a part, at 
any rate, of the silicate oxygen is determined together with the oxide 
oxygen. 

Tcf carry out the estimation, IS g. of fine borings, freed from adherent 
fatty matter by washing with alcohcf! and ether and dried in an 
exsiccator, are placed in a previously ignited porcelain boat and intro- 
duced into a combustion tube, 18 mm. wide and 500 mm. long, which 
is drawn out at the further end and connected to a U-tube charged with 
vitreous phosphoric acid ; this is protected by a guard-tube containing 
strong sulphuric acid. A Kipp's hydrogen generator, a wash-bofcfle 
charged with alkaline lead solution, a small tube with platinised asbestos 
kept at dull red heat (to remove oxygen), a U-tube containing sulphuric 
acid and another containing vitreous phosphoric acid are placed in * 
front of the combustion tube. Hydrogen is passed through the 
* apparatus for an hour or two ; the combustion tube is then heated up, 
and the boat kept at a bright red heat for thirty to forty minutes in a 
current of hydrogen. After allowing to cool, during which period the 
current of Jiydrogen is maintained, the hydrogen is displaced by air, 
and the absorption tube detached and weighed. The loss in weight of 
the boat serves as a check upon the oxygen absorbed as water. Owing 
to volatilisation of the sulphur, the former is, however, invariably greater 
than the latter ; if the contrary should be the case, extraneous oxygen 
must have passed into the combustion tube. 

Slag. — No trustworthy method is known for determining the enclosed 
slag in wrought iron. The following fairly satisfactory method has been 
worked out by Eggertz. From 2 to 5 g. of the sample are placed in a 
beaker with five times the weight of iodine, and the same amount of 
water, the whole cooled in ice, and stirred until the iron has been 
dissolve^. The liquid is then diluted, allowed to settle, and decanted 
through a filter; the residue is treated with very dflute hydrochloric 
acid, filtered, thoroughly washed, ignited, and weighed. The carbon is 
thus burnt off and the slag left behind. If, as is rarely the case, the 
iron should contain much combined silicon, there will be an admixture 
of silica in the residup, which is removed by digesting it in a platinum 
vessel, before igniting, first with concentrated and then with dilute 
sodium carbonate solution. 

• x Stahl u. Eisen ) 1882, 2, 193. 
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By Professor O. Pufahl, Ph.D., the Royal School of Mines, Berlin. English 
translation revised by C. O. Bannister, A.R.S.M., Head of the 

Metallurgy Department, the Sir John Cass Technical Institute, London. 

The dry metallurgical assays described in this section are restricted" to 
those used for silver, gold, lead, tin, and a few other metals, and which 
are universally recognised methods, and are not excelled by ordinary 
analytical methods as regards accuracy and rapidity (most silver and 
gold ore assays), and to such methods as are retained exclusively in 
practice on account of the want of good and rapid analytical methods. 

The chemicaj examination of ores, works’ products, and metals is 
usually preceded by some mechanical treatment, for the purpose of 
obtaining a true average sample, and for the preparation of the same 
for the ensuing assay. 


Jr REPARATION OF THE SAMPLE 

* 

In addition to the various types of grinding apparatus described in 

Vol. I., pp. 17 et seq., the following may be mentioned : 

Fig. 20, a cast iron mortar with suspended pestle. 

Fig. 21, a bucking plate with heavy bucking hammer. 

Fig. 22, a cast iron plate with heavy hammer. 

For the fine grinding of hard ore samples, a set of small cast iron 
rolb ls ^ften used, the ground material being received in a wooden box 
Malleable particles, such as metals, silverglanfe, hornsilver left 
behind on sieving pulverised ores, slags, sweeps, etc., must be ’kept 
separate, and their weight and proportion to the total weight of the 
sample noted. These may either be assayed separately, or a propor- 

(^ n As^y°of n Sweep/p^ 126) t0 f 

Estimation of Moisture . In powdered ore samples, as they come 
from the concentrating, floors, the moisture must first be determined 
Up to ikgofthe powdered ore is weighed into a series of sheet iron 
trays and kept at a temperature not much over 100?, the contents being 
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stirred with an ir#m spatula, untiM glass plate, placed on the sample for 
about a minute, no longer shows a deposition of moisture, and two 
successive weighings agree. The dried samples are then transferred 
either to bottles, sheet iron boxes, or to flat porcelain plates. 

The method used in some English works is to gently heat exactly 
i lb. of the sample, powdered to pass through a sieve of X Y inch mesh, 
in an iron tray or pan. When a cold glass plate or polished brass 



Fig. 20. 



Fig. 21. 




weight indicates that there is no further evolution of moisture, the whole 
is weighed and the result expressed in grains per seven thousand. 

All samples should be retained for several months, or, at any rate, 
until all questions relating to sale or purchase have been settled. If 
the powdered samples are sent by post or rail, so that they experience 
considerable shaking in transit, the various constituents may become 
separated, owing to their different specific gravities. In such cases, the 
whole sample is turned out on to a sheet of •paper and thoroughly 
re-mixed before weighing out the portion for analysis ; if this be not 
done, serious errors may result. 
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» r 

The Sampling of Metals and of Alloys 

The Sampling of metals and of alloys may be effected by the clipping 
and granulation method. 

Portions of the ingots or plates, or, in the case of the noble metals, 
whole ingots, are melted in a graphite crucible in a wind-furnace, the 
metal being covered with charcoal ; the whole is stirred with an iron 
rod, or better, with a piece of fire-clay (Salamander rod), and a sample 
is taken by dipping with an iron spoon, coated with fire-clay, or by 
means of a charcoal rod, in which a suitable hole has been cut. This 
sample is then poured, in a thin stream, into an iron bucket containing 
water, the water being kept in a state of agitation by means of a bundle 
of twigs, or in the case of the charcoal sampler, the small portion 
removed, is flattened out. 

This method is unsuitable for zinc alloys on account of the unavoid- 
able loss of zinc through volatilisation. 

The ingot method of sampling is more convenient and more 
frequently employed than the granulation method Samples are taken 
from filed efr chisel-dressed portions of ingots or plates by means of a 
hollow punch (Fig. 23), the pieces being taken from the upper and under 



Fig. 28. p ia 24, 


surfaces, and from opposite upper and lower edges or corners and mixed 
together, or approximately equal quantities of each may be weighed. In 
ascertaining the fineness of ingots of noble metals, the samples from 
various parts are assayed separately and the mean result taken. 

The samples £re flattened out on a polished anvil, with a polished 
steel hammer, or by means of a small rolling mill (Fig. 24). 
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§ * 

Bronzes rich yi tin, samples of 'bearing metals, etc., which should be 
reduced to drillings, etc., for analysis, are often handed to the analyst 
in the form of small, compact pieces, which it is not possible to sample, 
either by filing or by drilling. In such cases, small pieces may be cut 
off with a cold chisel, the material being placed for the purpose^ on a 
bronze or copper plate. The chippings may be subsequently flattened, 
as far as possible, with a hajnmer. 

Ingots, blocks, or large pieces of alloys that are not homogeneous 
(tin, lead and antimony alloys, and white metals) should be drilled in 
the middle and near one edge, wfth a small drill, the fine borings being 
thoroughly mixed. If the amount of drillings is considerable, say, from 
a number of ingots, a small ingot is produced by melting the drillings 
together and casting in an iron mould, which is then sampled by drilling. 
Or„ the molten mass may be poured on to a cold, clean, iron plate, 
samples being subsequently cut from different parts with a pair of shears. 

In the case of lead antimony alloys, according to H. Nissenson and 
P. Siedler, 1 a diagonal saw cut through a block of the alloy gives the 
tnost satisfactory sample. The sample is* well mixed, reduced, and 
sieved, the larger particles, rich in lead, and the fine particles, rich in 
antimony, are separately analysed and the results adjusted. In a block 
of hard lead, the antimony in the upper portion was found to be 21*64 
per cent., in the middle 19*98 per cent, and in the lower portion 12-08 
per cent. ; by the method of sampling and analysis described, j£te mean 
result obtained was 18-31 per cent. 

In sampling argentiferous lead, the mode of procedure depends on 
the amount of silver present. For pigs or bars containing up to 20 oz. 
of silver per ton, chips are cut from the top and bottom of every bar 
with a chisel, all the chips are melted together, and a small bar is cast, 
from which the sample is taken. Pigs containing between 20 and 200 
oz. of silver per ton are best sampled by means of a circular saw, the 
sawings from a diagonal cut across the pigs being collected, melted 
down, and cast as above. When the lead contains over 200 oz. of silver 
to the ton, or whenever 1 oz. of gold is present, it is necessary to melt 
down the whole consignment and to take a dip sample. ^ - 

All brittle allots and materials may be crushed and sieved for 
sampling, exactly as in the case of ores. 

Impurities in Samples . 

Particles of iron are removed by spreading the sample on paper and 
pas^jng a strong horse-shoe magnet through it. 

If the drillings are made by a mechanic, it is necessary to see that 
neither oil nor any soapy material is used for lubricating purposes ; the 
drillings must be received on a sheet of paper. 

1 Bergu. HiitUn Zeit 1 903, 64 , 42 1 j J. Soc . Chem. Ind. , 1903, 22, 1246. 
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* * 

Samples delivered to the laboratory in the form # of drillings must 
always be looked upon with suspicidh. Frequently the presence of 
pieces o£ other metals besides iron can be detected by the colour; 
these must be either picked out or evenly distributed. The presence of 
oil, etc, can be detected by the vapour evolved, or by the odour 
produced, on heating in a test tube ; in addition, dirt, sand, wood 
splinters, and paper are often present Tf> clean the drillings, they 
should be treated in a beaker with chloroform, which is allowed to 
remafh in contact with them for ten minutes, and then well stirred for 
one or two minutes, the coloured and* dirty liquid poured off, and the 
drillings again treated with a second supply of chloroform ; finally, they 
are washed twice with absolute alcohol and dried rapidly in a shallow 
porcelain dish on the water-bath. After removing any iron by means 
of a magnet, the fine material and sand are sieved out 

Filings should only be made with a perfectly clean or new file. 
Some metals and alloys rapidly foul the file. 



Fig. 25. 


Weighing 

For weighing, out ores, etc., for analysis, any sufficiently delicate 
balance may be used. In assay laboratories, a simple quick-arrest ore 


WEIG 
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balance (Figs. 25 and 26), provided with removable, nickel pans, and 
sensitive to 1 mg., with a load of 50 g.,' "suffices. 

Fig. 27 shows a good combination of an ore tare balance and a 
delicate balance devised by R. Hase 1 (see also , Vol. I., p. 20). 

For weighing noble metals and their alloys in mints, etc., assay 



Fio. 28 . 

balances (Fig. 28) are employed, which are sensitive to 0*05 to 0*01 mg., 
with a load of 2 g. 

~ - SILVER 

• 

The materials which have to be assayed for their value in silver 
include the following Silver-bearing ores, metallurgical products (such 
as furnace lead, products of the desilverisation of lead, shimmings, 
litharge, test-hearth, material, lead and copper mattes, speiss, scoriae* 
flue-dust, slags, blister copper, crude silver, refined silver), cement silver,* 
silver sulphide, amalgams, and residues from amalgamation and other 
extraction processes, silver alloys and sweeps from their manufacture 
silver-plated goods, plating liquors, etc. 

1 Z. angew . Cfom,, 1898 , II, 736 . . 



SILVER: ORES 


97 


In most case^ the dry method of assay is to be recommended ; the 
wet method is employed for silver itself (crude and refined silver, bar 
silver), silver alloys, such as bullion, etc., and silver baths, the strength 
of which can be most accurately determined by precipitation or by 
titration. Occasionally the wet and dry methods are combined. 

* Silver Ores. 

The most important silver ores are : — * 

Native silver , with not infrequently small quantities of gold, 
mercury, copper, iron, arsenic, and antimony. 

Antimonial silver , containing up to 94 per cent, of silver. 

Argentite , or silver glance , Ag 2 S, containing 87-1 per cent, of 
silver. 

Polybasite , 9(CuAg) 2 S, (SbAs) 2 S 3 , with 72 per cent, of silver. 

Stephanite , 5 Ag 2 S, Sb 2 S 3 , with 68 per cent, of silver. 

Pyrargyrite , 3Ag 2 S, Sb 2 S 3 , with 59-8 per cent, of silver. 

Miargyrite , Ag 2 S, Sb 2 S 3 , with 37-2 per cent, of silver. 

Proustite , 3Ag 2 S, As 2 S 3 , with 65*5 per cent, of silver. ^ 

Stromeyerite , or silver copper glance, Cu 2 S, Ag 2 S, containing 53 
per cent, of silver. 

Freieslebenite , 3Ag 2 S, 4PbS, 3Sb 2 S 3 , containing 23 per cent, of 
silver. 

Silver amalgams , containing up to 95 per cent, of silver. ~~ 

Kerargyrite , or horn silver , AgCl, containing 72-5 per cent, of 
silver. 

Bromite , AgBr, containing 57*4 per cent, of silver. 

* Embolite , which includes isomorphous mixtures of chloride and 
bromide of silver, varying in composition from AgCl + 
3 AgBr to AgBr + 3AgCl, and which may contain up to 70 
per cent, of silver. 

Iodite , Agl, containing 46 per cent, of silver. 

Tetrahedrite , or fahl ore , which is a mixture of antimony or 
arsenic sulphide, or both, with sulphides of silver, coj>per, 
zinc, iron^ or mercury, and which may contain from a fraction 
of 1 per cent, up to 31 per cent, of silver. When antimony 
and arsenic are both present, the silver seldom amounts to 
1 per cent. 

A considerable proportion of the silver produced is obtained from 
argentiferous galena and other lead and copper ores, and not from silver 
ores proper. 

Dry Methods of Silver Assay 

The dry methods of silver assay consist in dissolving out the silver 
(and gold) by means' of pure lead in a melting operation, the lead 

II G 
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button obtained being subsequently cupelled. Two methods art: in use 
for producing the lead button, viz., the scorificntion and the pot or 
crucible methods. 


* I.— DRY Assay for Okks, KTC. (excluding silver alloys) 


x. The Extraction wife Lead. 


(a) Scorification— The process is carried out in a muffle furnace, 
heated with coal, coke or gas (or with benzine, petroleum, etc.), and 



connected with a chimney. In many assay offices gas muffles arc 
exclusively employed for sconfications and cupellations ; the advan- 
tages are cleanliness and exact regulation of temperature, with .onse- 
quently smaller silver losses in the assay. A portable form of muffle 
furnace, as usee} at Freiberg, for coal or coke, is shown in Figs. 29 and 30. 

Manipulation. Usually from 4 to 5 g. of the finely powdered sample 
are weighed out on a balanr^ enrk do * . r>* * - 
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materials rich in* silver less ma^ # be taken, and of very poor material, 
from three to five times as much, but, in the latter case, correspondingly 
large scorifiers must be used. 

The necessary quantity of finely granulated assay lead is measured 
in a spoon of known capacity; about one-half is well mixed with the 
powder in a scorifier, and the remainder is evenly spread on the top. 
Finally, if necessary, a little borax is added. If much silica is present 
in the ore, slagging will be facilitated by an addition of litharge* free 
from silver. 

Where the silver content is under 0*4 per cent, it is usual to weigh 
out two lots and to carry out two scorifications ; with a content of 0*4 
to 0-79 per cent, three, and with over 08 per cent four scorifications are 
made, the actual result being taken from the mean weight of all the 
silver beads, weighed separately. 

If the approximate silver content of the material to be assayed is not 
known, a preliminary test is made. This method of working is founded 
on the fact that the distribution of silver in rich ores is not uniform. 

The quantity of assay lead required depends on the character of the 
material. Pure lead ores require only six times their weight of lead ; 
the same holds good for hard-lead. 

Materials containing fair amounts of iron and zinc require consider- 
ably more lead, from ten to fifteen times the weight of* the ore taken ; 
those containing much copper, nickel, or tin require up to thirty times 
their weight. Similarly, the quantity of borax needed varies; this 
must be anhydrous and powdered. Its [purpose is to increase the 
fluidity of the slags in the case of materials containing much gangue 
and lhetallic oxides, difficultly soluble in lead oxide, and it should be 
added in small quantities from time to time, as required. 

The following table will be a useful guide as to the amount of lead 
and fluxes necessary with different classes of ores and materials : — 


Material. 

Amount, 

Lead. 

Flux (Borax). 



g* 

g. 



g. 

Siliceous . 

. ores 

5 

60 



0*5 

Ferruginous 

* )j 

5 

50 



2*0 

Pyritic 

• » 

5 

70 



1*0 

Cupreous . 

• » 

5 

so 



1*0 

Antimonial 


3 

80 


f 

1*0 Borax. 






1 

1 *0 Sod, carb. 

Stanniferous 


3 

60 


/• 

2*0 Borax. 


. „ 




l 

4*0 Sod. carb. 

Lead speiss 


5 

60 



1*0 

Blende 

• « 

5 

70 



1*0 

Slags . 

• • 

5 

60 



1*0 

Brass and bronze 


8 

100 

n 


1*3 

German silver . 

# * 

3 

110 

; 


* 1*5 

Copper 


3 

60 



0*3 
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The scorifiers (Fig. 31) are made of best fire-clay, ami must withstand 
sudden changes of temperature and, to a certain extent, the corrosive 
action oFmolten lead oxide. The size of scorifiers used is governed by 
the size of the muffle, as it is desirable to make as many seorilieutions 
at onetime as possible. If it is desired to mark them, red ruddle may 
be used, with which they are marked on the outer surface with numbers 
or streaks. The scorifiers, with contents, afe placed, by means of the 
tongs # (Fig. 32) in the muffle, which has already been brought to a 
bright red heat, and the door is closed. 

During the first or heating-up period a high temperature is especially 
necessary, if the material contain iron, zinc, tin, copper, or nickel and 
cobalt. When, after ten to fifteen minutes, the scorifiers have attained 
a bright heat, the contents are molten, lead fumes arc copiously given 
off, and a ring of molten litharge shows itself; the muffle is then 
opened. During this second, or slagging, period, the current of air, 
passing continuously into and through the muffle, effects a rapid 
oxidation of the material in the scorifiers; this oxidation is partly 



Fig. SI. Fig. S2, 


direct and partly brought about through the a gency of the lead oxide, 
which acts on the undecomposed metallic compounds. Sulphur and 
arsenic to a great extent volatilise, the metallic oxides and the ga'hgue 
dissolve gradually in the molten litharge and borax, and the noble 
metals are retained by the lead, which may also take up, at the same 
time, certain quantities of copper, tin, bismuth, iron, arsenic, and 
antimony. While scorification is proceeding, the temperature of the 
muffle is lowered somewhat. 

As scorification progresses, the litharge ring gradually encroaches 
more And more on the surface of the lead button, until ultimately it 
closes completely over it. The muffle is then again closed, the tempera- 
ture raised, so that the contents of the scorifier may become thinly fluid, 
and a small quantity (o-i g.) of powdered anthracite is sprinkled over 
the surface; this reduces a little lead, which in turn cleans the slag, 
carrying the precious metals into the main button. After a further ten 
to fifteen minutes, the scorifiers are removed by the aid of sco^fier 
tongs (Fig. 33) emptied into moulds (Fig. 34), which have been 
black-leaded and warmed. 

When cold, tKe slag is removed from the lead button by hammering 
on an anvil, the lead beaten into the form of a cube, -the edges and corners 
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being *blunted by gentle blows, land the cube cleaned by brushing. 
Should the lead appear to be*brittle, owing to the presence of an 
appreciable amount of arsenic or antimony, it should not b # e directly 
cupelled {cf. Cupellation, pp. 105 et seq.)\ it is better, in such cases, 
to scorify again with an equal weight, or double the weight, of* assay 
lead. 

Lead buttons, weighing more than 30 g., should preferably be 
re-scorified in correspondingly small scorifiers, as the unavoidably loss 
of silver on cupellation is then less than if directly cupelled. If 
scorification be carried to an excessive point, all the lead oxidises and 
silver and gold pass into the slag. 

If the material under treatment is so poor in silver that only a very 
small silver bead is obtainable from one lead button, concentration is 


Fig. 33. 

resorted to, ie. y the lead buttons from several scorifications are 
re-scorified together, and this may be repeated until the silver, from a 
very considerable quantity of ore, has been collected into two lead 
buttons, each weighing about 30 g. This is the method adopted, for 
example, with blister copper and other materials, usually very poor in 
silver. 

In the “Staatshuttenlaboratorium” at Hamburg, 1 cupreous silver 
sulphide (obtained in silver extraction processes) is scorified twice ; the 
weight taken is not over 2 g. At the same laboratory, in assaying the 
dust from silver burnishing, only 1 g. is taken for each of five to ten 
scorifications, and the combined lead buttons are then concentrated by 
scorification. 

(b) The Pot or Crucible Assay. — In this method the silver and 
gold from a large quantity of ore is collected in a lead button in one 
melt, and the button is then cupelled. The method is particnlariy 
suitable foriores containing tellurium or horn silver, and also for very 
poor ores, slags, tailings, and the various residues and sweeps, especially 
when they contain carbonaceous material 2 

Tolerably smooth fire-clay crucibles are employed for the fusion. 
The mixture of ore, etc., with litharge or red lead, fluxes, and reducing 
material is introduced, generally with a piece of hoop iron also, and 
melted in a wind-furnace heated with charcoal or coke, or sometimes 

in a gas-furnace, the temperature being gradually raised, until the melt 

* 

2 Private communication from the director, W. Witter, to Prof. Pufuhl. 

2 Cf. A. Goerz, Berg u. Flatten. Zeit ., i$86, 45, 441. 
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is tranquil. The silver content of the litharge or sod lead must be 
taken into account. 

The had oxide decomposes any metallic sulphides, etc., and the 
metallic lead, reduced by the carbonaceous matter and sulphides, 
collects the silver and gold. 

Materials rich in sulphur, arsenic, antimony, or zinc, are preferably 
subjected to a preliminary roasting on roasting dishes or trays (Figs* 
35 and 36), otherwise appreciable quantities of silver may pass into 
the s r iag. 

It is not possible to specify a fusion mixture equally suitable for all 
cases, although the following mixture will frequently be found satis- 
factory : 25 g. ore, 30 g. sodium carbonate, 40 g. red lead, and 1-5 g. 
charcoal are mixed in a sufficiently large crucible by means of a 
spatula, and 10 g, of anhydrous borax are put on the top. A piece of 
hoop iron is then inserted, the crucible covered, and placed in the 
wind-furnace. 


The heating must be gentle for the first quarter of an hour, incipient 
fusion or “ fritting ” only taking place, otherwise there is a liability of the 



Fig. 85 . Fig. M . 


litharge melting and running down to the bottom of the charge, leaving 
the precious metals behind and causing a heavier loss in the slag p then 
the damper is drawn and the heating continued for twenty minutes, until 
the melts are tranquil. The iron strips are then removed, the crucibles 
withdrawn from the furnace with bent-nosed tongs, and the contents 
poured into moulds as before. After cooling, the lead buttons are 
removed, freed from slag, and brushed ready for cupellation (*/, Cupella- 
tion, pp. 105 et seq .). If the charges be not too difficultly fusible, the 
m«Jt%may be made in a muffle furnace. In this case, the crucibles arc 
placed well back in the muffle, and, after a quarter Of an hour’s heating, 
a good layer of well-burnt wood-charcoal is placed in front of them and 
the muffle closed. 

On mines where a large number of assays have to be made on the 
same class of material, it is usual to prepare a stock of mixed fluxes, 
made up in proportions to suit the character of the ore, but in jnany 
laboratories the nature of the ores varies considerably, and the fluxes 
should then be made-up accordingly. The following charges, given in 
grams and assay ton weights, 1 will be found useful 

1 For explanation of assay ton weights, cf, p. 107. 
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Table of Charges for the Dry Assay of Silver Ores in Grams. 



Siliceous. 

Basic. 

Pyritic. 

Cupriferous 
• Pyritic. 

Ore 

25 

25 

25 

20 

Red lead .... 

30 

30 

40 

ffO 

Charcoal .... 

1*5 

2 to 3 



Sodium carbonate , 

*40 

20 

30 

20 

Borax 

5 

20 

15 

20 


♦ 

Table of Charges for the Dry Assay of Silver Ores 
in Assay Tons. 



Siliceous. 

Basic. 

Pyritic. 

Cupriferous 

Pyritic. 

Ore 

1*0 

1*0 

1*0 

0*5 

Red lead .... 

1*0 

l-o 

1*25 

2*0 

Charcoal .... 

0*05 

0-06 to 0-1 



Sodium carbonate . 

1*0 

075 

1*6 

0*5 

Borax .... 

0*2 

07£» 

0*5 

0*5 


[Note. — Charges for ores containing stibnite, arsenical pyrites, cassiterite, tellurides, etc., 
are given under “ Gold,” pp. 127 et se?.] 


In the case of poor qnartzose or similar material, up to 500 g. are 
taken for each melt. A good mixture consists of one and a quarter to 
twice as much anhydrous sodium carbonate as ore, 30 g. of red lead and 
i-S g. of powdered charcoal. The mixture is added gradually from a 
metal scoop (Fig. 37), on account of its foaming during melting, and 
borax, up to 25 per cent, of the weight 
of ore, is added, little by little. In the 
case of material containing an ex- 
cessive amount of iron, more charcoal 
is needed, as a considerable quantity 
is required for reducing ferric to ferrous 
oxide ; otherwise none would be available for producing lead. Further, 
it is advantageous to sprinkle a mixture of litharge and arg-9l*(or a 
little granulated lead) on the tranquil surface of the melt. 

In the assay of lead slags (using 50 g. or more of material) with 
more protracted fusion with sodium carbonate, borax and argol, 
granulated lead is added, or may be sprinkled over the surface after 
melting down. 

' Lead ores are often assayed in thick wrought iron crucibles (cf Lead 
assay, pp. 220 et seg.), and the lead button obtained is used for the 
silver determination. In this case from 15 to 29 g. of litharge are added 
to the ore and the whole melted down ; litharge, flux, and charcoal arc 
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flux (cpnsisting of fourteen parts pf anhydrous sodium carbonate, eight 
parts of fused borax, and two parts of argol) are added and heatin 
continued until the melt is tranquil ; the charge is then poured into 
warm iron mould and the cleaned bead cupelled. The method is quick, 
and gives good results. 

Details of laboratory, crucible, and muffle furnaces, together with 
specifications, have been ^escribed by G. T. Holloway. 1 The wind- 
furnaces used at the Royal School of Mines, Berlin, are shown in Figs. 
38 and 39. - 

In the assay of very rich ore?, a notable amount of silver passes into 
the slag. To recover this, the melt is poured into a warm mould 
(Fig. 40), the slag collected and re-melted in the same crucible, with 
borax, argol, and litharge. If, however, the materials under investigation 
are poor, the loss of silver in the slag is negligible. 

2. Cupellation. 

The separation of silver and any accompanying gold from the lead 
.obtained in the scorification process, or in Jthe pot assay, is effected by 
oxidation on a cupel made of bonc-ash, magnesia, or some porous 
- mixture (Fig. 41), at a bright red heat in a muffle furnace. The porous 
refractory cupel gradually absorbs the lead oxide 
formed, and finally a bright button of silver remains * 
behind. 

The burnt bone-ash, used for making cupels, is 
ground and sieved to about the fineness of wheat 
meal. After moistening with a little water, contain- 
ing p per cent, of potassium carbonate, the bone-ash is shaped to the 
requisite form in a cupel mould, preferably of brass or of gun metal- 
.The cupels are kept on shelves in the furnace room and are thoroughly 
air-dried ; they should be kept for several months before use. Cupels 
can also be made by means of a mechanical press." Many brands of 
manufactured cupels arc now on the market, and are largely used by 
assayers. 

The ordinary cupel holds from 15 to 30 g. of lead, and is capaJjJp of 
absorbing all theJcad oxide produced from this; larger cupels are 
sometimes employed, as, for instance, for lead containing but little silver. 

Manipulation. The cupels are first gradually heated in the muffle, 
in order to completely drive off moisture and carbonic acid. They 
should be placed well back in the muffle, in one or more rows, before 
lighting up, and should be kept at a bright red heat for at least a 
qua?ter of an hour before use ; otherwise the lead may spit on melting 
down on the cupel and so spoil the whole scries. 

1 T vans. Inst. Min . and Met., 1906-7, 16, 341. * 

* MuspRitt-Stohmann’s Handhuch den icchnischen Chtmie , 4th edition, iii., p, 1721. 
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After a thorough heating, the cupels are drawn forward, with iron 
tongs, on the bottom of the muffle, and r are left in the front of the muffle 
in a row. r The lead buttons, brushed, and blunted on the edges and 
corners, are carefully transferred to the cupels by means of the bent- 
nosed cupel tongs (Fig. 42), the front row being supplied first 

The muffle is then closed and the lead allowed to melt, when a dark 
skin first forms on the surface. As soon this disappears and the 
molten lead, which acquires a bright convex surface, begins to give off 
a considerable quantity of lead fume, the muffle door is opened some- 
what and cupellation proper commences. 

The oxidation takes place rapidly. Drops of molten litharge form 
and, floating over the surface of the lead, are absorbed by the porous 
cupels. If the temperature be not too high, the lead smoke curls 
upwards and gradually produces a dark red crystalline and leafy deposit 
of litharge on the inner edges of the cupels (this deposit is yellow when 
cold). At the same time, the drops of litharge on the convex surface of 
the lead unite together, forming a litharge edging to the lead. 

When the muffle temperature is too high, this is indicated by tho 
smoke rising vertically and by the absence of the litharge ring referred 



Fio. 42. 


to. If the temperature be too low, the lead smoke keeps low over the 
cupels, which themselves appear somewhat dull ; in such cases, the 
temperature must be immediately raised, otherwise “freezing” may 
take place. 

As cupellation proceeds, the litharge drops will gradually increase, 
and the fusing point of the alloy, as it becomes richer in silver, will rise. 
The temperature becomes lowered by the continuous current of air 
passing into the muffle, consequently the door should be closed, and the 
temperature increased. Finally, the litharge drops disappear from the 
lead, as it gets smaller and smaller, a revolving iridescent skin of oxide 
is noticed for a short time, if the bead be not very small, and then 
suddenly the bead “ brightens” before solidifying. . 

Cupels, containing very small silver beads, that weigh a few milli- 
grams only, may be removed from the muffle immediately after the 
solidification of the beads \ but in the case of larger beads, the cupels 
should be gradually drawn forward, to allow the silver to set slowly. 
If this be not done, there is a danger of silver being lost through 
"spitting” of the bead, owing to the sudden escape of absorbed oxygen 
through the prematurely formed solid crust. Beads, which have “ spit,” 
are consequently, as a rule, lighter than those which have not, and 
should not be taken into account in arriving at the result of the assay. 
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By covering the^cupels with invested cupels slow cooling can be ensured, 
even when they are immediately removed from the muffle. 

The small spherical beads and the larger hemispherical beads are 
removed from the cupels by means of pliers, squeezed to remove 
adhering particles tom from the cupel, well brushed on the under side 
with a stiff prill brush, and placed on a sheet of lead, about the* size of 
a playing-card and provided with a number of small depressions. The 
upper surface of beads, from a thoroughly satisfactory cupellation, is 
bright, and of a whitish colour, the under side matt and silver-white. 
If “ brightening” has taken place at too low a temperature in contact 
with litharge, the bead is matt and yellowish on its upper surface, owing 
to the presence of a thin layer of oxide of lead ; such beads are too heavy 
and must be rejected, or re-cupelled with a small quantity of assay lead. 

The beads never consist of absolutely pure silver; they contain 
fr6m o*2 to 0*3 per cent, of lead, with traces of copper. These impurities 
serve, to a certain extent, to compensate for the unavoidable loss of 
silver during cupellation. 

Any gold and platinum, contained in the material assayed, is 
collected quantitatively in the silver bead and is determined therein 
(cf Gold, p. 128). 

The beads are weighed on a delicate assay balance (Fig. 28, p. 96), 
or on a chemical balance sensitive to o*r, or, better to <5*05 mg. 

When many assays of silver or gold ores have to be made, it is usual 
to work with “Assay Ton” weights. Since there are 32,666-6 oz. troy 
in a ton of 2240 lb., if the standard weight be made 32-66 g., each 
milligram of silver or gold obtained from this quantity will be equiva- 
lent to 1 oz. per ton. In the case of the short ton of 2000 lb., now 
largely used, the assay ton =--29*16 g. 

Whenever these special weights are not used, the percentage value 
is first obtained, and from this the ounces, etc., per long or short ton can 
readily be calculated from the table on p. 108. 

The individual beads obtained in assaying argentiferous lead ores 
usually agree well with each other in weight, those from silver ores 
proper (especially native silver, silver glance or horn silver) fr eque ntly 
show appreciable* variations, on account of the uneven distribution of 
the silver in the ore. In these cases, it is necessary to carry out a 
considerable number of assays and take the mean. Loss of silver occurs 
to a certain extent during slagging, in both the scorification and the 
pot assay, 1 but the losses during cupellation arc much greater, as silver 
o^ide is carried into the cupel along with the litharge, and this is 
especially the case with very porous cupels; further, some silver 
volatilises along with the lead. It is to be noted that if finished assays 
be left too long in the muffle, volatilisation of silver may take place. 

1 H. ROssler, Z. angtw*'Chem* % 18S8, 20, $67 j j. Sot\ C/tem, /mi 1, i8$8, 7, 869; 1889, 8, r37. 
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Table for computing- the Troy* Weight of Gold or Silver 
per Long and Short Ton. 


X J or cent. 

Per ton of 

22-10 lb. 

Por ton ( 
2000 lb. 

f 

Vov cent. 

I'm 

t' Ml Ut* 

Mb lb. 

V* 

r O.n 
tm Ik 

♦f 

r 

07.. 

dwt. 


07.. 

dwt. 

«*• 


07.. 

dwt. 

fT. 

tt.:. 

fhv? . 

;;r. 

0*0001 



16 


.* * 

14 

0*00 

f 19 

12 

0 

17 

10 

0 

0-0002 


i 

7 


1 

4 

0-07 

22 

17 

8 

20 

S 

9 

0*0003 


1 

23 


1 

18 

0*08 

26 

2 

16 

23 

6 

17 

0*0001 


2 

15 


2 

8 

0*09 

29 

8 

0 

26 

5 

0 

0*0005 


3 

6 


2 

22 

fi'l 

32 

13 

8 

29 

9, 

8 

0*0006 


3 

22 


3 

12 

6-2 

65 

6 

16 

r*s 

7 

0 

0-0007 


4 

14 


4 

2 

0*3 

98 

0 

0 

87 

10 

0 

0*0008 


5 

5 


4 

16 

0*4 

130 

13 

S 

116 

U 

0 

0*0009 


5 

21 


5 

6 

0*5 

163 

6 

16 

145 

17 

0 

0*001 


6 

13 


5 

20 

0*6 

196 

0 

0 

175 

0 

0 

0*002 


13 

2 


11 

16 

0*7 

1 22S 

13 

8 

1 204 

4 

y 

0*003 


19 

14 


17 

12 

j 0*8 

261 

6 

16 

23*8 

7 

0 

0*004 

i 

6 

3 

i 

3 

S 

0*9 

294 

0 

0 

262 

10 

9 

0*005 

1 

12 

16 

1 

9 

4 

1*0 

326 

13 

8 | 

291 

14 

0 

0*006 

1 

19 

5 

1 

15 

0 

2*0 

653 

6 

16 

589, 

8 

0 

0*007 

2 

5 

18 

2 

0 

20 

3*0 

980 

0 

0 

875 

2 

0 

0*003 

2 

12 

6 

2 

6 

16 

4*0 

1306 

13 

8 

n do 

H 

0 

0*009 

2 

IS 

19 

2 

J2 

12 

5*0 

1 633 

6 

16 

1 ms 

10 

0 

0*01 

3 

5 

8 

2 

18 

8 

6*0 

1960 

0 

0 

1750 

4 

0 

0*02 

6 

10 

16 

, 5 

16 

18 

7*0 

2286 

IS 

8 

2041 

18 

0 

0*03 

9 

16 

0 

8 

15 

0 

8*0 

2013 

6 

16 

2888 

12 

0 

0*04 

13 

1 

8 

11 

13 

8 

9*0 

2940 

0 

0 

26,25 

6 

0 

0*05 

16 

6 

r 

16 

14 

11 

16 

10*0 

3266 

13 

8 

2916 

U 

0 


When* very great accuracy is desired in the assaying of ores, etc., the 
cupels are broken up and powdered and the lead reduced and cupelled 
(cf. Gold, p. 128); in this way most of the silver, etc., is recovered in the 
form of a weighable bead. . 

The determination of silver in impure silver precipitates (chloride, 
iodide, or sulphide), such as are obtained in the extraction of low gratic 
ores, burnt pyrites, etc., is best effected by scorification with’ lead, 
followed by cupellation of the button so obtained. 

In the American method of C. Whitehead and T. Ulke, several 
grams of assay lead are wrapped in the dried filter paper, and this is 
immersed in molten lead, ready prepared to receive it, on a scorifier. 

Combined Lead and Silver Assay.— The silver content of litharge 
scums, furnace hearth, and other oxidised products is determined by 
reducing the lead ( cf. Lead assay, pp. 220 it seq."), and then cupelling. 
The lead buttons obtained from galena by fusion with sodium car- 
bonate (cf. Lead assay, p. 220) are also cupelled to ascertain the silver 
content. 

Plattner’s quantitative blowpipe assay 1 is of special importance 
for prospectors; in sufficiently expert hands the method gives toler- 

uLTul l u :^x^ Quantitative Amlysis with the BlmpiK Pkttner - Eng,ish trans - 
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ably accurate results, working on the small quantities of material 
(o-i &)• 

Combined Wet and Dry Silver Assay.— This method is particularly 
suitable for ores, mattes and alloys containing large quantities of 
copper. From io to 25 g. of the material to be assayed are weighed 
out and treated with nitric acid, the whole heated until quite decom- 
posed and taken up with \v*itcr. A solution of 20 g. of lead acetate in 
water is then added, followed by a small quantity of sodium chloride 
solution to precipitate the silver and a portion of the lead present. ” The 
liquid is heated, then allowed to cool, filtered, and the residue and 
precipitate washed once with cold water. The filter paper and residue 
are dried, and the whole mixed with 25 g. of red lead, 20 g. of sodium 
carbonate, and 1-5 g. of charcoal. This charge is run down in a clay 
crucible as usual, and the lead button obtained, cupelled (Bannister). 

'Complete Analyses of silver ores proper (ruby silver ore, silver 
glance, antimonial silver, stephanite, polybasite, fahl ores, etc.) are not 
required for technical purposes. If the silver only is to be determined, 
*1 g. of the powdered ore is dissolved in a mixture of nitric and tartaric 
acids (10 c.c. nitric to 2 g. tartaric acid), and the silver precipitated with 
hydrochloric add. The precipitate is filtered off, washed with water 
containing a little nitric acid, until free from hydrochloric acid, and 
then dried in an air-bath. Fairly large quantities of silver chloride 
are weighed as such. The silver chloride is turned out on to glazed 
paper, the filter paper burnt, its ash transferred to a weighed porcelain 
crucible, treated with a few drops of nitric acid and, subsequently, a 
drop or two of hydrochloric acid, while it is heated on a water-bath ; 
after* the acid has been evaporated off, the bulk of the silver chloride is 
added, the crucible lid put on, and the crucible heated to incipient 
melting of the chloride. Should the silver chloride amount to only 
a few milligrams or centigrams, however, the filter paper with the 
whole of the precipitate is, after drying, placed in a weighed Rose’s 
crucible, the paper burnt, the crucible lid put on, the chloride reduced by 
heating for ten minutes in a current of hydrogen or coal gas, and the 
resulting silver weighed. 

Electrolytic Methods, 1 fur the estimation of silver in ores, are 
seldom used. 


If.— Til F. Assay of Sijakk Alloys 

The poorer silver alloys are assayed in the dry, way ; in the case of 
the^richer alloys, the dry assay is frequently used as a preliminary 
determination only to ascertain the approximate silver content previous 
to carrying out an accurate estimation in the weRway. 

1 (/. K ilium, lUff! II. lluitfn, y.ftt ,, 188J, 42, 400!* 



110 


r 


METALS OTHER THAN IRON 


A. Dry Assays 

p ufuscc Lead. — If not very impure, the crude lead, obtained us 
the furnacing of lead ores, may be directly cupelled in quantities of 
from 20 to 50 g. Should, however, the impurities be considerable, the 
lead is first scorified with an equal or double weight of assay lead. 
Rich silver-lead is cupelled directly. Desijverised lead (soft lead) is 
first scorified in quantities of 100 g. and upwards, and the subsequent 
lead button, of about 30 g., cupelled. 

2. Hard Lead (antimonial lead) aftd the Mexican “ Pennies ” lead, 
rich in silver and containing a considerable amount of antimony and 
arsenic, is first scorified with double its weight of assay lead, and 
concentrated, etc. 

3. Argentiferous Blister Copper and Refined Copper require to 
be scorified with twenty times their weight of assay lead, and con- 
centrated previous to cupellation. 

• 4. Silver Amalgam.— According to Kerl, 1 most of the mercury 
should be distilled off in a potash-glass retort, if the amalgam be rich- 
in mercury ; the residue is then scorified with from six to eight times 
its weight of assay lead. 

Solid amalgam is heated very gradually on a cupel up to a bright 
red heat in the 0 course of an hour and a half, in a muffle, the cupel 
being covered with a second inverted cupel ; the residue is cupelled 
with from six to eight times its weight of assay lead. 

5. Zinc Skimmings, containing lead, zinc, and silver, from the 
Parkes desilverising process, are first scorified with sixteen times their 
weight of assay lead. • 

The following combination of wet and dry methods is described 
by L. Campredon. 2 A representative sample of 25 g. weight is dis- 
solved in a mixture of nitric and tartaric acids, the silver and a con- 
siderable quantity of lead precipitated with hydrochloric acid, and 
the washed and dried precipitate fused with the addition of 20 g. of 
litharge and the necessary flux; the button of lead thus obtained is 
cupelled. 

fTtrude Silver (containing 95 to 96 per cent. *of silver), Refined 
Silver (containing 97 to 99-5 per cent, of silver), and Cement Silver are 
assayed by wet methods only (cf. pp. 112 et seq). 

7. Bullion and Silver containing Copper.— Before the introduction 
of the Gay-Lussac wet method of assay, such alloys, even those richest 
in silver, were assaye'd exclusively in the dry way by taking an accurately 
weighed amount (two quantities each of 0-5 g.), and cupelling with a 
sufficiency of assay lead on a cupel of pure bone-ash. 

1 Metalkirg. Probierkunst \ 2nd edition, p. 301. 

2 Guide pratique du Chimiste Mitallurmte et de PEssaveur. i8g&. 
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The unavoidable loss during cupellation was carefully determined, 1 
and by making corrections, on the basis of such losses, the actual fineness 
could be arrived at with tolerable accuracy. - . 

Preliminary Assay. As the amount of lead needed depends on the 
percentage of copper and other metals (other than silver and gold) in 
the alloy, the approximate fineness is first ascertained either by the 
touchstone, or by cupelling* 01 to 02 g. with eighteen times its weight 
of assay lead. 

Streaks are made with the alloy on a touchstone of black basaltic 
stone, and, adjoining these, otlfer streaks are made with test needles 
of known fineness ; by a comparison of the colours, after treatment with 
acid, an approximate result is arrived at The presence of zinc in silver 
alloys considerably affects the streak, and gives rise to high results. 

According to Rossler, it is possible to ascertain by means of the streak 
whether or not an alloy contains silver. The streak is treated with one 
or two drops of pure concentrated nitric acid, and, when it has dis- 
appeared, leaving no trace of turbidity, a drop of hydrochloric acid 
•produces the characteristic white precipitate, or a turbidity, if silver is 
present Lead may also give a turbidity, but this disappears on the 
addition of a little water.- Alloys, poor in silver (400/1000 and under) 
require eighteen to twenty times their own weight of assay lead for 
cupellation ; alloys of approximately 500/1000 require Sixteen, 700/1000 
require twelve, 800/1000 require ten, 900/1000 require eight, and 
950/1000 and over require four times their own weight. In mint 
laboratories this assay lead is kept in standard lumps or pellets. 

The Assay Proper. From two to four cupels, ready heated, are 
drawn forward in the muffle, the assay lead introduced, and the muffle 
dosed; as soon as the lead has “uncovered,” the alloy (0-5 g. if fine 
silver, or 1 g. if 800/1000), wrapped in sheet assay lead, is added with 
the aid of the tongs, and the muffle again closed. After about a couple 
of minutes, when complete fusion has taken place, the muffle is opened, 
and cupellation proceeds. The litharge ring appears gradually, but 
seldom litharge crystals. Finally, the bead becomes iridescent, and 
brightens. The finished assay is allowed to cool slowly to ahyiate 
spitting, and shortly after setting (dropping of the surface) it is removed 
from the muffle. The beads arc removed with sharp-nosed pliers, 
squeezed, brushed on the under side, and placed on a black wooden 
board, provided with a number of small holes, ready for weighing on 
the assay balance. 

Assays of upper and lower portions show differences up to three- 
thousandths in fineness between 980 and 725, and considerably more 
between 400 and 200. „ 

x Cf* Correction Table in KerFs Probierbuck , 3rd editidh, p. 106. 

2 Cf. The distinction of silver and imitation silver alloys, p. 122. 
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If the double assay with 05 g. allay gave a mean height of 3*50 mg., 
which is equivalent to a fineness of fo 0 per rooo, then, according to 
the French Coinage and Medallion Commission, a correction of 
4-75/1000 should be added for cupcllation loss, making the actual assay 
704-75 per 1000. 

In*stead of referring to tables for the correction of cupcllation loss, 
it is more usual to introduce check assays, ftiadc up of fine silver, etc., 1 

to the approximate amount of the assays, and to add the loss found * 

on tffese to the assay weights. 

This determination of the fineness usually serves as a preliminary 
only to the much more accurate volumetric estimation by the Gay- 
Lussac method (cf. infra). For low-grade and impure silver alloys of 
commerce, it is still, however, sometimes used as a definite test. 

B. Wet Assay for Silver Alloys 

The two methods which are almost exclusively used for the wet 
assay of silver alloys are the sodium chloride method of Gay-Lussac l * * 
and the ammonium thiocyanate method of Volhardv The gravimetric 
estimation by precipitation of silver chloride, which occupies a longer 
time than the volumetric method, is seldom used in practice when 
only the silver* content is in question ; it is, however, employed in 
Indian mints, 3 * * * * * * * where, owing to the high temperature prevailing and 
the consequent evaporation of the standard solutions, these cannot be 
kept at a constant working value. 

Electrolytic methods of deposition have not hitherto been intro- 
duced, as they do not offer any advantages. * 

1. Gay-Lussac’s Sodium Chloride Method. 

This method is employed in all mint laboratories. The silver is : 

precipitated, in the cold, from a nitric acid solution of the alloy, which | 

should contain slightly over 1000 mg. of pure silver, by means of a j 

solution of pure sodium chloride (100 c.c. of “standard salt solution "), ;f 

not cy^te sufficient to precipitate the whole of the silver ; the solution is f 

cleared by shaking, and the silver remaining in solution is precipitated f 

by successive additions of 1 c.c. of a “ decimal salt solution,” shaking j 

1 Instruction sur I'Essai des Matures I A rgent par la Voie humide, Paris, 1833 ; 11 Valktiindigtr \ 

Unterricht iiber das Verfahren Gay-Lussacs Sitter auf nassem Wege xu probieren," J. von Liebig f 

1833 ; Die Sitterprobiermethode, chemisch untersucht, by G. J. Mulder, translated ftom the * I 
Dutch by Grimm, 1859. • , \ 

' * Dit SiUtrtitrierung m it Rhodanammonium u. s. w., 1878, previously published in the Bet*, u. I 

Butten. Zeit., 1873, 34, 83 ; 1876, 35, 333 (Lindemann) ; J. prakt. Chem., 1877 [a], 15, joj, } 

[L. Campredon, in his Guide pratique du Chemiste Metallurgiste et de FEssayeur, calls this the 
method of Charpentier, who punished the principles of the method in the Comfites rend, in 187J.I 
^™ L a . t a , e5 , C / ipt ‘ 0n ’ see The Mian Mint Assay °f Silver Bullion, by F. T. C. Hushes, : 
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well aft* each addition, until no further turbidity is observable with salt 
solution. 

The solutions required for the determination are : — 

I. Standard Salt Solution . This is made by dissolving 5*4202 g. of 
pure sodium chloride in 1 litre of distilled water at 15 0 . 

[If the solution is required for frequent use, it is as well to prepare, 
say, 50 litres at a time, starting with a cold saturated solution of pure 
salt, of which 100 c.c., between io° and 20°, contain 31*84 g. of sodium 
chloride. A solution of ordinary common salt may be freed from 
calcium sulphate and magnesium chloride by treating it with barium 



Fw. 43. 


chloride and sodium carbonate, filtering, boiling clown, and recrystallising 
the salt thus obtained.] 

One hundred c?. of this solution should precipitate just 1000 mg. 
of silver; as a little more than this quantity is present in the assay, 
the completion of the precipitation may be effected with salt solution 
of one- tenth the strength. From 5 to 10 litres of this standard salt 
solution are stored in a bottle, supported on a firm. wooden stand and 
provided with a side tubulure near the bottom. The Stas pipette, 
which has a capacity of exactly 100 c.c., and is a simplification of the 
Gay-Lussac pipette, is filled from this bottle as shown in Fig. 43. 

2. Decimal Salt Solution , made by diluting iocf c.c. of solution 
No. 1 to 1 litre. 


II 


H 
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3. “ Decimal ” Silver Solution. This is made byfldissolving t g. of 
chemically pure silver in 6 c.c. of 'pure nitric acid (sp. gr. 1*2) and 
diluting^to 1 litre. 

Both these dilute solutions are kept in glass-stoppered bottles. 1 he 
approximate silver content of the alloys under examination must be 
ascertained by a preliminary assay in the dry way, or by Volhard’s 
volumetric method (p. 116). * 

In the case of mint-prepared alloys (made from silver of known 
fineness and pure copper), the silver content is already known and 
merely requires to be checked by the sodium chloride method. 

Firstly, the titre, or standard value, of the standard salt solution 
(which should be at a temperature of as near 15° as possible), is fixed by 
means of a nitric acid solution of 1*003 §- 0 f chemically pure silver. 
The silver, in the form of clippings, is treated in a 200 c.c. shaking- 
bottle with 14 c.c. of pure nitric acid (sp. gr. 1-2), and gently hcatfid in 
a water-bath until dissolved ; when solution is complete, the bottle is 
placed on a metal guide immediately under the Stas pipette (Mg. 43), 
which is filled with the standard salt solution (No, 1), and closed at thfc 
upper end by means of the finger. In the London mint, a hot-plate 
covered with asbestos is used in place of a water-bath, and a series of six 
pipettes is arranged, the filling of which is effected by means of a foot 
pedal. The solution in the pipette is run into the bottle, which is then 
closed j^vith its numbered stopper and shaken for five minutes, in such a 
way that the contents are thrown violently against the sides of the 
bottle. In doing this, the bottle must be firmly gripped, the forefinger 
being pressed against the stopper. 

The silver chloride clots and settles rapidly ; any particles remaining 
attached to the sides or to the stopper can be detached by sloping and 
rotating the bottle. After a minute or two, I c.c. of the “ decimal ” salt 
solution (No. 2) is run in from a pipette, the latter being allowed to 
touch the inner side of the neck of the bottle. If silver still remains in 
solution, a turbidity is observable near the surface of the liquid when 
the flask is held to the light, and this spreads through the whole liquid 
oii-gently shaking. 

The number of cubic centimetres of “ decimal* salt solution added 
is marked with chalk on a board, hung up in a convenient position, and 
divided for the various numbered bottles. The bottle is shaken until 
clear and the addition of “decimal” salt solution continued, 1 c.c, at a 
time, until no further turbidity is to be seen. The final cubic centi- 
metre, which shows no turbidity, is not counted, and the previous 
cubic centimetre is counted as a half only, the corresponding chalk- 
mark being crossed. . 

As an example, suppose the third addition shows no turbidity, the 
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of silver^ i oo c.c.W “standard” solution is equivalent to 1000 c.c. of 
“decimal” solution + 1*5 c.c. of “decimal” solution, or altogether 1001-5 
c.c. of “decimal” salt solution. • 

In practice, the thickness of the cloud produced by the addition of 
the first cubic centimetres is used to indicate the probable amount 
required. 

If an alloy on preliminary dry assay, reckoning also the cupellation 
loss, shows a fineness of 734/1000, the amount to be taken for the \yet 
assay is arrived at as follows : — 

734 mg. Ag are contained in 1000 mg. alloy. 

Then 1003 „ „ „ x „ 

1000 x 1003 

x — = 1366 mg. 

734 * 

Consequently, 1366 mg. are weighed out, dissolved in 10 to 12 c.c. of 
nitric acid (sp. gr. 1-2), free from chlorine, and the solution treated 
exactly as described above. 

• Assuming that the fourth cubic centimetre is the first to show no 
turbidity, the amount of salt solution = 1000 + 2-5 = 1002-5 c.c. of 
“ decimal ” salt solution. Since 1001-5 c.c. 

= 1-003 S * si! ver j the sample under exami- 
nation (1366 mg.) contains 1004 m g- silver, 
which corresponds to a fineness of 735 
per 1000. 

Remarks. 

1. Apparatus . The simple and cheap 
Stas pipette is a perfectly satisfactory sub- 
stitute for the original Gay-Lussac pipette. 

It must be protected against dust, and, if 
a few drops of the “standard” solution 
should overflow on to the sides of the 
pipette, it should be washed with strong 
sodium hydroxide solution (it must be 
remembered that o- 1 c.c. of “ standard ” 
solution = 1 mg. Ag). * In mint laboratories 
a special stand is used, to allow of several 
bottles being immersed at the same time 
in the copper water-bath. For the simul- 
taneous shaking of from ten to twelve 

samples, a shaking apparatus is provided, 
having two handles, and suspended from a spring arm, a spiral spring 
being attached below (Fig. 44). The individual bottles must be fixed by 
means of wooden wedges, and the glass stoppers must be well secured. 

2. Effect of Foreign * Metals , etc . Black particles, remaining behind 
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on dissolving the alloy, may contain* gold, platinum, €arbon, or* sulphide 
of silver. The last of these dissolve$*on continued warming, with addi- 
tion of l to 2 c.c. of strong nitric acid. Turbidity, due to the presence 
of antimony, disappears on the addition of tartaric acid, which should 
also.be added if bismuth be present. Alloys containing mercury should, 
according to Debray, be heated gradually in a small graphite crucible in 
a muffle to the melting point and the buttdn then dissolved in nitric acid. 

% The presence of lead and tin, according to Kerl, necessitates the 
use of sulphuric acid as solvent, in pjace of nitric acid ; traces of lead, 
however, do not interfere. 

3. Actioyi of Silver Chloride, Investigations by Mulder show that 
silver chloride is slightly soluble in the sodium nitrate produced during 
titration, and that, on precipitation of the silver with the calculated 
quantity of sodium chloride, about 0*5 mg. of silver remains in solution ; 
consequently an excess of 0-5 c.c. of “ decimal ” salt solution is really 
used, when the addition of this is continued to the point of complete 
disappearance of turbidity. This has, however, no influence on the 
result of the assay, since ft occurs to the same extent in standardising 
with pure silver, as in the assay itself. 

4. Accuracy of the Assay, The fineness is usually expressed in 
thousandths ; expert assayers can determine the end-point of precipita- 
tion, however, to 01 mg. by making smaller additions of the u decimal ” 
salt solution than 1 c.c. 

Stas (1865) found that the accuracy was about 1 part in 100,000 
when the work was carefully done, and has given particulars of how this 
degree of accuracy was obtained. 1 

Hoitsema 2 has more recently worked with a view of obtaining the 
highest degree of accuracy, and states that “The accuracy of this 
determination is of the order x/io G — that is, one part in one million.” 
These results were obtained on fine silver. 

2. Volhard’s Ammonium Thiocyanate Method. 

This method depends on the precipitation of silver, from nitric acid 
solution, by means of a solution of ammonium thiocyanate, or 
potassium thiocyanate, in presence of ferric Alphate as indicator. 
The curdy precipitate of silver thiocyanate, which is but little affected 
by light, is insoluble in cold dilute nitric acid ; the slightest excess of 
the precipitant is shown by the persistent red coloration, due to the 
formation of ferric thiocyanate. 

The solutions needed for the determination are : 3 — # 

1. Ammonium Thiocyanate Solution . This salt can be obtained 

1 Les Lois des Proportions chimiques , Brussels, 1865, pp. 39-48. 2 Dutch Mint Report^ 1903, 

8 Cf. R. Fresenius, Quantitative Analysis , 7th edition, vol. it, pp. 361 et seq.; also, E. A 

Smith. Trans . Inst Min. and M fit Tnnfi to « 
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chemically pure Aid is more suitable than the potassium salt, which 
frequently contains chlorine. Seven and a half to eight grams are 
dissolved in water and the solution made up to i litre. -This is 
standardised by titrating 50 c.c. of silver solution (No. 2) diluted with 
100 to 200 c.c. of water in a beaker, 5 c.c. of a cold saturated solution of 
iron alum, free from chlorine, being added ; the end-point is indicated 
by a permanent pale brownish red colour. The thiocyanate solution is 
then diluted so that 1 c.c. is exactly equivalent to o-oi g. Ag; the value 
must, of course, be checked by several titrations. 

By diluting 100 c.c. of the solution to 1 litre, a "decimal” thio- 
cyanate solution is obtained (x c.c. = i mg. Ag); this solution is 
employed towards the end of the titrations. 

2. Silver Solution. Ten grams of chemically pure silver are dissolved 
in 160 c.c. of pure nitric acid of sp. gr. 1-2, in a long-necked flask, 
care being taken to avoid loss by spitting; the nitrogen oxides are 
completely driven off, and the solution, after cooling, is diluted to 1 
litre. One c.c. of this solution contains exactly o-Oi g. Ag. 

3. Solution of Iron Alum . A saturated solution free from chlorine 
is used, of which 5 c.c. are added in each titration. Any yellowish 
colour in this solution is destroyed by the addition of a little colourless 
nitric acid. 

To carry out the determination, from 0-5 to 1 g. of the*sample in the 
case of alloys is dissolved by means of 10 to 20 c.c. of nitric acid Csp. gr. 
1*2), in a beaker covered with a watch-glass, and heated on a sand-bath 
until nitrous fumes have disappeared. The cover-glass and the sides of 
the beaker are then washed with water, 100 to 150 c.c. of water and 
S c.c. of the iron alum solution added, and the solution titrated, the 
beaker being placed on a sheet of white paper. 

When the titration approaches completion, the iron coloration 
disappears only slowly on shaking ; the “ decimal ” thiocyanate solution 
is then used for finishing the estimation. 

Volhard’s method gives very good results. In carrying it out, only 
such measuring flasks, pipettes, and burettes should be used as have 
been specially checked or calibrated (cf Vol. I., pp. 32 et seq.). • - 

Remarks . — The solutions must be titrated cold ; nitric acid does not 
interfere, but any nitrous acid must have been previously got rid of by 
boiling. 

The presence of gold in the sample (as, for instance, in crude silver 
and refined silver) is shown on solution in nitric acids the dark brown 
or bla^k powder left as a residue is washed with hot water by decanta- 
tion, collected into a small crucible, dried, heated, and weighed (cf. Assay 
of Gold, Silver, and Copper Alloys, p. 142). % 

In the presence of high percentages of copper (above 70 per cent.), 
the end-point is not sharp, and in such cases an accurately measured 
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quantity of the silver solution (No. 2) is added to thl strongly*coloured 
solution, or a corresponding quantity of pure silver may be added, so 
that the* relation Cu : A g = 7 : 3, is not exceeded 

Mercury must be previously removed from the alloy by heating, 

The presence of palladium causes high silver results to be obtained. 
Arsenic, antimony, tin, zinc, cadmium, lead, and bismuth do not 
interfere with the titration ; cobalt and nfckel have a similar effect to 
large quantities of copper, on account of the colour of their nitrate 
solutions. # 

A. E. Knorr 1 recommends a combination of the Gay-Lussac and 
Volhard methods, viz., the precipitation of the greater part of the 
silver with salt solution, and titration of the remainder with ammonium 
thiocyanate. 

3. Gravimetric Estimation of Silver, 

The precipitation of silver as chloride has been already mentioned 
(p. 109). The following gravimetric method, in which the silver (even 
when present in minute quantities only) is estimated as iodide, is ve^y 
accurate, Hampe, after ‘careful investigation, 2 strongly recommends 
the method as described by R. Benedikt and L. Gans 3 for the deter- 
mination of silver in its alloys with lead. The process is as follows : — 
The amount of the alloy to be taken varies from 10 g. to several 
hundred grams, according to the richness of the lead in silver ; it is 
dissolved in dilute nitric acid, free from chlorine, with addition of tartaric 
acid should antimony be present. The quantity of nitric acid is so 
regulated, that there should be an excess of about 10 c.c. The clear 
solution (filtered if necessary) is considerably diluted (it may be to 
300 c.c. or to as much as several litres), and more than sufficient 
potassium iodide solution, to precipitate the whole of the silver, is added, 
but too great an excess should be avoided ; the containing vessel is 
then covered and heated The lead iodide dissolves, and reacts with 
the nitric acid, and iodine is set free. Heating is continued until the 
iodine is volatilised and the liquid appears colourless. The silver iodide 
is filtered off and weighed ; or it can also be converted into chloride 
and weighed as such. 

Benedikt examined poor leads, the silver contents of which were 
very carefully ascertained in the dry way to be 0*003 per cent, and 
0*0006 per cent, respectively. By his method, using 147 g. and 239 g. 
of material respectively, he found 0*0034 and 0*00054 per cent, of silver. * 
Hampe checked the method by precipitation of minute quantities of 
silver, in presence of considerable amounts of chemically purfr lead 
nitrate (320 g. of lead nitrate, 1 mg. of silver as silver nitrate, 2 litres of 

1 J* 4 msr *Ckem. Soc. y 1897 , 19 , 814 . 

2 Chem. Zeit. y 1894 , 18 , 1899 ; J Soc . Chem . Ind 1895 , 14 , 304 . 

3 Chem % Zeit.i 1892 , 16 , 4 , 12 . * 
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water, knd io cA of nitric acid, precipitation being effected by 05 g. 
of potassium iodide in aqueouS solution). The result obtained was 
0*98 mg., instead of 1 mg. • 

The method is especially suitable for the examination of assay lead, 
litharge, and red lead, which are intended for dry assay work. 

The Examination of Bar Silver (Crude and Refined Silver, Fine 
Silver, Cement Silver). — A % complete analysis is seldom required. It 
is usual to determine the gold left on dissolving a fairly large quantity 
of the sample (10 g. or more) in pure nitric acid (cf. Gold, p. I43),*then 
the silver in an aliquot part of tlie solution, either by the Gay-Lussac 
or Volhard method, or gravimetrically, and finally an examination is 
made for impurities, more particularly bismuth, a small amount of 
which has the effect of producing brittleness and hardness in silver 
alloys (e.g. y coinage alloys). 

'’The presence of antimony and tin may be recognised by qualitative 
tests, a few grams of the alloy, dissolved in pure nitric acid, showing, 
in this case, a whitish turbidity ; copper gives a blue coloration with 
'excess of ammonia, and lead and bismuth are at the same time 
precipitated as hydroxides. 

Platinum and the platinum metals are almost always present, but 
usually only in traces. H. Rossler has frequently found palladium in 
refined silver ; weighable quantities colour the nitrate solution 
yellowish. 

Sulphur is determined by heating a considerable quantity of the 
sample, in the form of drillings, in a current of chlorine. This is 
conveniently effected in a long porcelain boat, placed in a hard-glass 
tube.* The volatile chlorides are collected in a receiver, containing 
water acidified with hydrochloric acid, and the sulphur is precipitated 
as barium sulphate. In this way also bismuth, tin, arsenic, and 
antimony can be separated from silver, by the volatilisation of their 
chlorides ; copper, lead, and iron remain in part with the silver chloride 
and partially in the cooler portions of the glass tube beyond the boat 

H. Rossler and H. Debray have found selenium in silver. Accord- 
ing to Debray it may be determined as follows : — About 100 g. of 4he 
silver are dissolved in nitric acid (sp. gr. 1-3), the gold removed by 
decantation, the silver precipitated with hydrochloric acid, and the 
filtrate evaporated to dryness. To convert the selenic acid to selenious 
acid, the residue is boiled with hydrochloric continuously for a quarter 
of an hour, and the selenium precipitated, as a red powder, by means of 
a solution of sulphurous acid. The precipitate is transferred to a 
weighed filter paper, washed well with water, the filter paper and its 
contents dried for from three to four hours in a$ air-bath at ioo°, and 
weighed* * 

Estimation of Silver in Plating Solutions (Silver-baths).— Silver* 



IVlibi w i rui.i\ xnn.i> iuui> 


12U 

baths usually contain, per litre, from 4 to 20 g. ofl silver, a? silver- 
potassium cyanide, and from 10 to 50 g. of potassium cyanide, and, 
in addition, potassium cyanate and potassium chloride, with a little 
copper, zinc, and nickel as impurities. Cadmium is now frequently 
added to these baths as cadmium potassium cyanide, since the plating 
produced tarnishes less readily than a pure silver deposit. 

For the analysis, 10 c.c. of the solution are placed in a covered 
porcelain dish, 10 c.c. of hydrochloric acid added, and the whole heated 
on a water-bath in a fume cupboard for fifteen minutes ; the cover- 
glass is then removed and washed,* and the contents of the dish 
evaporated to dryness on the water-bath. The presence of a small 
quantity of copper is indicated by a brownish colouring of the residue, 
due to anhydrous chloride of copper. The dry mass may either be 
treated by scorification followed by cupellation, or digested with 25 c.c. 
of water and a few drops of nitric acid, the residue filtered off alter 
cooling, washed with water containing nitric acid, dried in an air-bath, 
incinerated in a Rose’s crucible, whereby a considerable amount of 
silver chloride is reduced, frhen strongly heated for five to ten minuted 
in a current of hydrogen or coal gas, and any carbon subsequently 
burnt off. 

Any copper contained in the filtrate from the silver chloride, 
which usually Amounts to a few milligrams, may be precipitated with 
sulphuretted hydrogen, the precipitate collected on a small filter paper, 
washed 'with water containing a drop of sulphuric acid and a few 
cubic centimetres of sulphuretted hydrogen solution, dried, and roasted 
in a porcelain crucible (finally over a large Bunsen flame) to cupric 
oxide: CuOx 0-7989 = Cu. • 

If cadmium be present, both metals are precipitated as sulphides ; 
in this case the washed precipitate is washed off the filter paper into a 
porcelain dish and boiled for five to ten minutes with dilute sulphuric 
acid (1 : 5), whereby the cadmium sulphide is completely dissolved 
(A. W. Hofmann’s method). The sulphide of copper is treated as 
described. The cadmium is precipitated again, from the largely diluted 
solution, as sulphide, collected on a tared filter, dried at ioo°, and 
weighed, after being allowed to cool for half an hour.* CdS X 07780 = Cd 
( cf Cadmium, p. 303). 

The potassium cyanide content of baths is most rapidly determined 
by titration with silver nitrate solution (cf. Vol. I., p. 550). 

Recovery of Silver from Silver Chloride and Silver Thiocyanate. — 
Chloride of silver is boiled repeatedly with dilute hydrochloric acid, 
washed thoroughly with water by decantation, and dried ; it is then 
mixed with half its weight of anhydrous sodium carbonate and one- 
eighth its weight of potassium nitrate, and the mixture gradually 
introduced into a roomy clay crucible, placed in. a wind-furnace, and 
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baths usually contain, per litre, from 4 to 20 g. of# silver, a^ silver- 
potassium cyanide, and from 10 to 50 g. of potassium cyanide, and, 
in addition, potassium cyanate and potassium chloride, with a little 
copper, zinc, and nickel as impurities. Cadmium is now frequently 
added to these baths as cadmium potassium cyanide, since the plating 
produced tarnishes less readily than a pure silver deposit. 

For the analysis, 10 c.c. of the solution are placed in a covered 
porcelain dish, 10 c.c. of hydrochloric acid added, and the whole heated 
on a water-bath in a fume cupboard for fifteen minutes ; the cover- 
glass is then removed and washed,* and the contents of the dish 
evaporated to dryness on the water-bath. The presence of a small 
quantity of copper is indicated by a brownish colouring of the residue, 
due to anhydrous chloride of copper. The dry mass may either be 
treated by scorification followed by cupellation, or digested with 25 c.c. 
of water and a few drops of nitric acid, the residue filtered off after 
cooling, washed with water containing nitric acid, dried in an air-bath, 
incinerated in a Rose’s crucible, whereby a considerable amount of 
silver chloride is reduced, f&en strongly heated for five to ten minuted 
in a current of hydrogen or coal gas, and any carbon subsequently 
burnt off. 

Any copper contained in the filtrate from the silver chloride, 
which usually a'mounts to a few milligrams, may be precipitated with 
sulphuretted hydrogen, the precipitate collected on a small filter paper, 
washed with water containing a drop of sulphuric acid and a few 
cubic centimetres of sulphuretted hydrogen solution, dried, and roasted 
in a porcelain crucible (finally over a large Bunsen flame) to cupric 
oxide: CuO X 0-7989= Cu. 

If cadmium be present, both metals are precipitated as sulphides ; 
in this case the washed precipitate is washed off the filter paper into a 
porcelain dish and boiled for five to ten minutes with dilute sulphuric 
acid (x : 5), whereby the cadmium sulphide is completely dissolved 
(A. W. Hofmann’s method). The sulphide of copper is treated as 
described. The cadmium is precipitated again, from the largely diluted 
solution, as sulphide, collected on a tared filter, dried at ioo°, and 
weighed, after being allowed to cool for half an hour.' CdS X 0-7780= Cd 
(cf Cadmium, p. 303). 

The potassium cyanide content of baths is most rapidly determined 
by titration with silver nitrate solution (cf Vol. I., p. 550). 

Recovery of Silver from Silver Chloride and Silver Thiocyanate. — 
Chloride of silver is boiled repeatedly with dilute hydrochloric acid, 
washed thoroughly with water by decantation, and dried ; it is then 
mixed with half its weight of anhydrous sodium carbonate and one- 
eighth its weigh-i of potassium nitrate, and the mixture gradually 
introduced into a roomy clay crucible, placed in. a wind-furnace, and 



121 


\ 

SILVER : RECOVERY OF SILVER 

heated'until the\nelt is tranquil ; *the slag is poured off and the metal 
cast in a warm ingot mould, or granulated by pouring in a thin stream 
into water, which is kept in agitation. The ingots are cleaned with 
hot, dilute sulphuric acid. 

At the Paris mint one hundred parts of silver chloride are run-down 
with seventy parts of chalk and four parts of powdered wood charcoal. 1 

Reduction of silver chloride may also be effected by treatment with 
water and pieces of pure zinc and a little sulphuric acid ; the sppngy 
silver obtained is treated with hot, dilute sulphuric acid to dissolve the 
zinc, washed well with water, d # ried, and melted down with nitre and 
borax. 

Pfeiffer 2 prepares pure silver by the electrolytic decomposition of 
silver chloride in a porous porcelain cell, as follows : — A strip of platinum 
foil or a rod of iron is surrounded, in 
a porous cell, by well-washed silver 
chloride, moistened with dilute sul- 
phuric acid ; a thick amalgamated zinc 
'cylinder is placed outside the cell, and 
the whole inside a glass battery jar con- 
taining dilute sulphuric acid. The zinc 
and platinum poles are then connected 
up. After reduction, the spongy silver 
is repeatedly washed, and then either 
melted down or worked up directly to 
silver nitrate. 

An almost identical method has been 
described by Priwoznik. 3 Instead of the 
platinum used by Pfeiffer, two silver 
strips are employed. Water slightly 
acidified with sulphuric acid is poured 
into a porous cell, 27 cm. in height and 
8*5 cm. wide (V, Fig. 45), and two heavy 
zinc rods, or a thick zinc plate, a, are introduced and connected by copper 
wire with two silver strips, b , each 12 cm. wide. These latter stand in 
silver chloride m listened with sulphuric acid (1 : 10), contained in a 
glass jar 32 cm. high and 22 cm. in diameter. The porous cell also 
stands in the silver chloride. The amount of silver chloride contained 
in the jar corresponds to about one kilogram of silver. The zinc plates 
require frequent cleaning. 

JPure silver (assay silver) is prepared electrolytically in this way, in 

1 Kerl, Metallurgische Prolierkunst , 2nd edition. 

2 Chem. Zeit 1898, 22, 775 ; J Chem. Soc. Abstr. y 1899, 76, 3^6. # 

3 Oesierr . Zeitschrift f. Berg . u. Hiittenwesen , 1879, 418 ; Balling, Fortschritte im Probierwesen , 

1887, pp. 18, 19. * • 
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the mints at Vienna, Sydney, Melbourne, etc., from fhe silver* nitrate 
solution obtained in gold parting by inquartation. 

To obtain silver chloride from silver thiocyanate, von Juptner 
recommends boiling it with three to five times its volume of hydro- 
chloric acid, nitric acid being added, drop by drop, until the red 
coloration at first produced disappears. The silver chloride is then 
washed, dried, and treated as described above. 

Xhe Distinction of Silver from Imitation Silver Alloys. — Accord- 
ing to Rossler, the streak on the touchstone is tested by treating it 
with a drop of nitric acid and adding a minute quantity of hydrochloric 
acid to the solution so obtained (cf. p. 1 1 1). 

Imitation alloys, base coins, etc., are cleaned j\uth soap and rubbed 
on a moistened spot with a stick of silver nitrate ; a heavy black stain 
is at once noticeable in the case of base metals. This is the method 
frequently employed in banks. 

Silver and silver-plated goods, when treated with a cold saturated 
solution of potassium bichromate in nitric acid of sp. gr. 1*2, immediately^ 
show a cherry-red stain of*silver chromate, which does not wash off. 
Should there be a suspicion that the goods are plated, the upper layer 
is removed on one part, and the bared metal, which frequently is of a 
different colour, is treated with bichromate solution. The red stain is 
not produced on German silver, brass, tombac, etc. 

Thin plating may be recognised, according to R. Finkener, as 
follows : — The article to be tested is cleaned with alcohol and ether, to 
remove lacquer, and then treated with a 1*5 per cent, solution of yellow 
sodium sulphide, obtained by boiling a solution of 30 g. of crystallised 
sodium sulphide in 10 c.c. of water for ten minutes with 4-2 g. of flowers 
of sulphur, and diluting to a litre. After contact with this solution for 
ten minutes, the article is washed with water. 

Silver shows an even steel-grey stain ; imitation alloys, at best, show 
a ring darkened at the edges. 

As amalgamated copper, which, however, is seldom met with, 
behaves in much the same way as silver under this treatment, it is 
weM to heat the article first and so remove any mercury which might 
be present. 


GOLD 

Native gold, all. gold ores and commercial products, most gold 
alloys and sweep from these, usually contain silver in varying amounts. 
As a rule, therefore, in the assay of these materials, the gold and silver are 
obtained as an alloy, which is then subjected to the operation of parting. 

The dry assay of ores, etc., is, with few exceptions, identical with 
the dry silver assay: viz., scorification, or pot* assay, followed by 
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cupelfation of tfie lead button. In some cases the wet and dry methods 
are combined 

The high value of gold, and the corresponding effect of* differences 
in the assays, render especial care necessary in taking representative 
samples. This is somewhat complicated by the fact that the gold 
mostly exists in ores as native gold and is very unevenly distributed. 
The same holds good for gold sweep from alloys, which often have to 
be assayed. Further, ingots of gold alloys are not entirely uyiform 
throughout. # 

Gold Ores. 

The most important sources of gold are : — 

Native Gold \ with o-i6 to 38 per cent, silver (Electrum), usually also 
some copper and iron. 

% Gold Amalgam and Gold-Silver Amalgam , containing respectively 
up to 39* 5 per cent, gold and 36 per cent, gold, with 5 per cent, silver. 

Palladium Gold , with 86 per cent, gold, 4*1 per cent, silver, and 9*8 
per cent, palladium. 

Rhodium Gold y with 57 to 66 per cent, gold and 34 to 43 per cent 
rhodium. 

Bismuth Gold \ with 64-5 per cent. gold. 

Very frequently gold ores contain Tellurium ; such ores are found 
more particularly in the Siebenburgen, in Colorado and in Western 
Australia. • 

The following minerals may also be mentioned : — 

Petzite (x Ag 2 T e + Au 2 T e), containing 3*3 to 25-6 per cent, gold and 
40*8 to 46*8 per cent, silver. 

* 'Sylvanite , Calaverite (x AuTe 2 + AgTe 2 ), containing 26-5 to 40*6 per 
cent, gold and 2*24 to 11*3 per cent, silver. 

White Tellurium , or Krennerite y containing 24-9 to 29*6 per cent, 
gold, 2*7 to 14-6 per cent, silver, and 2-5 to 19-5 per cent. lead. 

Foliated Tellurium , or Black Tellurium ( Nagyagite ), containing 5*9 to 
7*6 per cent, gold, and 57*2 to 60*5 per cent. lead. 

Tellurium Silver (. Hessite ), Ag 2 Te, often contains gold. 

Small quantities of gold are contained in iron pyrites, copper 
pyrites, arsenical pyrites, mispickel, etc. ; for instance, copper ores from 
Rammelsberg were found to contain one part of gold in two million 
and copper pyrites from Fahlun one part in a million. 

I.— Methods of Ore Assay 

I. Dry Assays. 

As the method to be employed in the dry assay of gold depends 
largely on the character of the ore, it is advisable to carry out a pre- 
liminary examination by mechanical and chemical means. 
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Simple washing methods are particularly valuable for^his preliminary 
examination. The apparatus used consists of either a wooden pan 
(Figs. 4 6 a>id 4 7), or an iron or wooden dish called the Batea (Fig. 48), 
or of flat porcelain dishes or plates. 

The material, in a fine state of division, is shaken with water on the 
pan (Fig. 46), and the muddy water carefully poured off, so that the 
residue forms a thin mud. The pan is theA held horizontally, gentle 
end taps are given to it, and at the same time it is moved sideways, the 
action being similar to that in mechanical concentrators. After a short 
time the different constituents of the ore separate according to their 
specific gravities. Porcelain dishes are manipulated in much the same 
way. By rejecting the apparently non-metallic products, adding fresh 
material and repeating the operations, an enrichment of the specifically 
heavy products is ultimately attained. A zone of more or less finely- 
divided gold cannot always be detected with certainty, for some ores, as, 
for instance, the Transvaal conglomerates, contain most of the gold in 



Fig. 47. Fig. 48. 


an extremely fine state of division, in tiny microscopic leaflets, 'and 
much of this passes off with the finest of the mud in the process of 
washing. 

Other accompanying minerals, such as pyrites, etc., are, however, easily 
visible, and small quantities of these can be then examined before the 
blowpipe. Tellurium-gold and tellurides (see above) must be carefully 
looked for; these may easily be mistaken, when in a finely-divided 
state* for mispickel or arsenical pyrites. The tellurides, on gently 
warming with I c.c. of concentrated sulphuric acid in' a test tube, give 
a cherry-red solution ; the colour disappears on heating more strongly. 

A more delicate test consists in heating the ore with nitric acid, 
diluting somewhat, filtering, evaporating the filtrate with sulphuric acid 
until dense fumes are evolved, and then adding tin foil. The same 
carmine colour is produced. In both these tests the presence of iron 
interferes with and often completely masks the colour due to tellurium. 

An excellent test consists in heating the ore in a current of chlorine, 1 
the ore being contained in a glass tube, the end of which is bent and 
1 Holloway and Pearce, Trans . Inst Min . and Met , , 1907-8, 17, 171. 
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made iu uip imu Hydrochloric §cid. The heat required is below dull 
redness, and the chlorine should be passed for about one hour. The 
hydrochloric acid solution thus obtained is diluted, nearly neutralised 
with sodium carbonate or ammonia, and saturated, whilst still warm, 
with sulphur dioxide. The tellurium often takes some hours for 
complete precipitation, and the solution should, therefore, be left in a 
warm place over night. * 

The distillation in chlorine may be obviated by fusing the ore with 
sodium peroxide in a nickel, iron, or copper crucible, boiling with ^ater, 
filtering, neutralising with hydrochloric acid, and passing in sulphur 
dioxide as above. Either of these methods results in the precipitation 
of selenium, as well as tellurium ; the former, however, is soluble in 
potassium cyanide solution, and may thus be separated and repre- 
cipitated as a red powder by acidifying the solution with hydrochloric 
acid and heating. For a quantitative determination of tellurium in 
an ore, the chlorine distillation method may be recommended. 

When the Batea (Fig. 48) is used for the preliminary treatment of 
" the ore, the specifically lighter portions of %he powdered ore are removed 
by a circular and sloping motion ; the heavier particles form a tail on 
the lower portion of the pan. 

(a) Scorification Assay. — The silver scorification assay (pp. 98 etseq .), 
as stated above, also holds, as a rule, for gold. The process is particularly 
applicable to rich gold ores not containing tellurium, to all ores con- 
taining lead and those rich in copper, to furnace products, and to 
sweep 1 free from carbonaceous material. 

In regard to the quantities of assay lead and borax required, 
see^p. 99. 

In carrying out the scorification assay, it is very frequently necessary 
to “ concentrate,' ” z.e., the lead buttons from a number of scorifications 
are united and scorified together, and so on, until finally, on cupellation, 
a sufficiently large bead of silver and gold is obtained. 

(b) Pot Assay {cf. Silver, pp. 101 et seq .). — This process is eminently 
suited to many auriferous materials, and is largely used in England 
and in the United States, Mexico, and South America; it allows of 
larger amounts of ore being taken (up to several hundred grams), and 
consequently the effect of an uneven distribution of the gold on the 
assay is decreased. 

The fusion is effected in smooth-walled crucibles, either in an 
ordinary wind-furnace or in a gas- or oil-furnace. Details as to charges 
for simple ores (flux, reducing material, litharge, red lead, etc.) are 
given in the section on the Silver Assay (pp. 103 et seq.). 

Weill 2 states that in America the pot assay is frequently performed 
in muffle furnaces, whereby a more uniform heating of the crucibles is 

1 Cf. A. Gorz, Berg. u. Flatten. Zeit 1886, 45, 441. 2 UOr , by L. Weill, 1896. 
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attained. From six to eight crucibles^ are put into th^ muffle at one 
time, the ore charge being from 20 to 100 g. 

According to Mitchell, the quantity of ore to be taken, in the case 
of rich material containing 5 to 10 oz. of gold per American ton (2000 
lb. avoirdupois), is 1 assay ton (29-166 g.) ; in the case of poor material, 
2 to 4 Stssay tons, and for very rich ores, half an assay ton. 

A satisfactory charge is: — For 1 assay iton of ore, 1 assay ton of 
sodium carbonate, 1 of red lead, 0-25 of fused borax, and 0-05 of char- 
coal. * The fusion is carried out in a wind-furnace, the temperature 
being gradually increased by regulating*' the damper; towards the end 
a strong heat is employed. The crucible, on being taken from the 
furnace, is gently tapped on the furnace plate and allowed to cool, or, 
preferably, the contents may be poured at once into a warm iron mould 
(Fig. 40, p. 104) ; in the latter case one crucible will serve for five or six 
fusions. 

The slag from the fusion of very rich ores is run down with 25 to 
30 g. of red lead, 1 to 2 g. of charcoal powder, and a little sodium 
carbonate, and the resulting ^ead button cupelled. 

Ores containing much sulphur, arsenic, or antimony, are subjected 
to a preliminary roasting, first alone, and finally, after admixture with a 
little charcoal powder, in fire-clay roasting dishes or sheet iron trays, 
washed over with fire-clay or ruddle. To prevent loss of gold, the 
temperature must be raised very gradually. W. Witter has proved 
that pyritlc ores roasted with this precaution suffer no loss of gold ; he 
has also pointed out that ores containing small quantities of tellurium 
or mercury must undergo a more protracted roasting at a low tempera- 
ture before heating more strongly. * 

For the assay of mint sweep, etc., the following method will be 
found to be very satisfactory. A sample of 500 g. is taken, and the 
moisture first determined. The dried sample is then passed through 
an eighty-mesh sieve, and the metallic particles are collected, weighed, 
and assayed separately. Of the fine material, 25 g. are thoroughly 
roasted and mixed with 60 g. of red lead, 1*5 g. of charcoal, 30 g. of 
sodium carbonate, and 30 g. of borax, and run down in a pot in the 
usual way. The button of lead obtained should weigh about 30 g. ; if 
the material be rich, the slag is re-melted, and a mixture of 20 g. of 
red lead and 1 g, of charcoal added ; a second lead button is thus 
obtained The lead buttons are then cupelled and parted in the 
usual way (Bannister). 

In smelting roaste*d pyrites, a sufficiency of charcoal powder must 
be used, so that the ferric oxide may be reduced to ferrous oxide, and 
the latter must be slagged off by means of a sufficient amount of 
borax or powdered glass. If too little charcoal powder be used, 
reduction of the lead from the red lead or litharge used is not effected. 
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has become tra’nquil, a little red lead, mixed with 
charcoal and flux is thrown in, .to carry down any prills suspended in 
the slag. Witter states that it is not advisable to assay more than 
200 g. of material in one melt, otherwise lower yields are obtained than 
if a number of melts of ioo g. each are carried out. 

The methods to be used in the assay of complex gold ores vary 
with the nature of the associated minerals. General instructions for 
their treatment have been given by E. A. Smith. 1 

Arsenical ores, as already stated, require a preliminary roast t« get 
rid of the arsenic. For their a^say, i assay ton of ore is placed on a 
roasting dish in a cool muffle, and roasted carefully at a low temperature 
at first, stirred frequently, and the temperature gradually raised. When 
no incandescent particles are visible, the temperature is raised to full 
redness. After a time 5 to io per cent, of powdered anthracite is 
mixed in, and the whole again roasted at a full red heat. 

When there is no further smell of arsenic or of sulphur, the roast 

is mixed with the following charge and fused down in the usual way : 

«red lead r, charcoal o-i, sodium carbonate 0^5, borax 0-25, assay tons. 

Antimonial ores 2 are best treated by a fusion method in which 
sufficient nitre is added to the charge to partially oxidise the stibnite, 
the remainder being oxidised by the red lead, which at the same 
time forms a lead button to carry down the precious metals. The 
amount of nitre necessary must be determined by experiment, the 
object being to obtain a soft lead button weighing about 30 ’g . The 
following is a useful charge for average ores : — 

Assay Tons. 

1-0 
2-0 
0-75 
0-2 

o*5 to 075 


Ore 

Red lead 

Sodium carbonate 
Borax . 

Nitre 


If the resulting button be hard, it should be scorified with the 
addition of assay lead before being cupelled. 

Telluride ores 3 are best treated by crucible assay in which an 
excess of red lead is used. A moderately hot fire is required for \he 
fusion, but great care is necessary to avoid excessive heating at the 
commencement Owing to the corrosive action of litharge on the 
crucibles used, an addition of burnt fire-clay to the charge is found to 
be most useful, and is preferable to sand. 

The following is a useful average charge for telluride ores. The 
amount of red lead required varies with the amount of tellurium 

x “The Assaying of Complex Gold Ores,” Trans. Inst. Min^qnd Met., 1 901-2, 9, 315. 

2 Kitto, ibid., 1906-7, 16, 89. *» 

3 Holloway and Pearce, ibid., 1907-8, 17, 171 ; cf. also, S. W. Smith, ibid., p. 463. 
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present, the more tellurium the greater 
lead used : — ♦ 


Ore 

Red lead 
Charcoal 

Sodium carbonate 
Borax 

Burnt fire-clay . 


must be tfie excess* of red 




Assay Tons, 
i-o 

i-o to 4*0 

0*05 

i-o 

0.5 

0.5 


targe buttons from this fusion # may be scorified before being 
cupelled, but in this case the operation must not be carried sufficiently 
far to cause the lead to become covered with slag, as under these con- 
ditions tellurium is found to pass again from the slag into the lead 
button. 

Auriferous tinstone 1 should be assayed by the crucible method ; an 
excess of red lead and sodium carbonate is desirable. The following 
charge will be found to give good results, even with dressed tin ores 
carrying gold : — 


• 



Assay Tons. 

Ore 

. 


. I-O 

Red lead 


. 

. 2-0 

Charcoal 

. 

. 

0-05 

Sodium carbonate 


. 

• I *5 

Borax 

. 

. 

• 0-25 


(<;) The Cupellation of the Auriferous Lead (cf. Silver, pp. 105 et 
seq .\ — Lead buttons from the pot assay, when the slag is difficult to 
remove, are re-melted for a short time on scorifiers ; the slag is then 
easily removable, and the buttons are then brushed. Hard, impure 
lead buttons are scorified with assay lead before cupellation. 

Towards the end of the cupellation of auriferous lead, the tempera- 
ture should be raised, as is the case in the silver assay. Beads rich in 
gold do not “ spit.” 

There is a distinct loss of gold by absorption during cupellation. 
To recover the gold from the cupels, the portions not saturated with 
litharge are removed, and the rest is treated as follows : — One hundred 
parts of cupel substance are melted in a crucible with seventy-five parts 
of fluor spar, seventy-five of sand, one hundred of sodium carbonate, 
fifty of borax, and two of powdered charcoal. The lead button obtained 
is then cupelled. 

(d) Parting. — After having been weighed on an assay balance, the 
beads are parted by means of nitric acid or concentrated sulphuric acid. 
Complete separation is only attained if the ratio of gold to silver is 
I : 2*5 or I : 3 and above (cf. p. 134). 

Alloys of forty parts gold and sixty parts silver are so white that 
1 Bannister, Trans , Inst . Min. and Met., 1905-6, 15, 513. 
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they cannot be distinguished in appearance from silver; an alloy of 
seventy parts gold and thirty parts silver has a pale brass-yellow colour. 

To effect the “parting,” a white bead is flattened out on a polished 
anvil and treated in a test tube or small porcelain dish or crucible with 
a few cubic centimetres of pure nitric acid (sp. gr. 1*2 to 1*3), free from 
chlorine, the dish covered with a watch-glass, and the contents heated to 
boiling. If the button disintegrates and the gold separates as ajblack 
' powder, more silver is present than is actually necessary for the parting. 
Boiling is continued so long as coloured nitrous fumes are given off; 
the acid is then carefully poured off, the residue is washed repeatedly 
• by decantation with distilled water, and the gold dried, either on the 
water-bath or in an air-bath, and finally heated gradually to redness. 
The black powder turns yellow and becomes somewhat coherent. 
After cooling, it is brushed on to the balance pan and weighed. The 
silver is ascertained by difference. 

A white bead, that turns brown and is only attacked on the surface 
by nitric acid, does not contain sufficient silver for parting. Such a 
bead must be washed, dried by heating, wrapped in lead foil with two 
or three times its weight of assay silver in small pieces, and the whole 
placed on a heated cupel and cupelled, an operation which takes only 
a few minutes to perform ; yellow or yellowish beads are treated 
similarly, without first testing with nitric acid. * 

Direct melting of the bead with the inquartation silver is simpler ; 
this is done in a hole in a piece of charcoal or on a cupel before the 
blowpipe. The flattened bead is parted with nitric acid as explained. 
If the parting is effected with concentrated sulphuric acid, whereby a 
denseryellow residue of gold is obtained, a second boiling with dilute 
sulphuric acid is necessary, on account of the sparing solubility of silver 
sulphate ; in this case, however, platinum and traces of lead remain with 
the gold, whereas small quantities of platinum are dissolved from the 
alloy, if nitric acid be used in the parting. The solubility of silver- 
platinum alloys is given on p. 141. 

When the relation of gold to silver in the bead is 1:2-5 or 1 : 3, 
boiling twice with nitric acid is sufficient for complete parting, and tjie 
bead retains its original shape. Of course the exceedingly porous 
nature of the gold lowers its cohesive character, but there is the great 
advantage that less loss occurs on boiling, washing, and collecting, than 
when the gold is in a finely divided condition. 

Plattner’s blowpipe assay for gold 1 is of especial use to prospectors. 

It consists of a crucible assay or scorification assay, concentration, and 
cupellation. Since only small quantities of material can be used (100 
mg. for each assay), the material is, as far as possibly previously enriched 

1 Cf. Manual of Qualitative and Quantitative Analysis with the Blowpipe , Plattner ; English 
translation by N. B. Cornwall, 1902. 
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I 

by panning ( cf. p. 124). The tiny 'gold beads are measured - with a 
scale. 

. G> Kc P ni g’ s process 1 is an outcome of the Plattner methods, and 
gives, good results. A small muffle furnace, heated with a Hoskins 
gasoHne burner, serves for crucible melts, scorifications, and cupellations • 
the author states that the work can be carried out from four to six times* 
as quickly as in an ordinary muffle, and that the losses by cupel absorp- 
tion are not greater than is usually the case. 


2. Combined Wet and Dry Assays for Ores. 


Plattner s Chlorination Method. — Poor quartzitic material and 
pyntic ores, roasted “ sweet,” are slightly moistened and treated with 
chlorine, free from hydrochloric acid, for about an hour, in quantities up 
to 500 g. The treatment is carried out in a tall glass cylinder with a 
side tubulure. The soluble gold chloride is washed out with hot water 
and any free chlorine boiled off. The gold is then precipitated with 
ferrous sulphate, in presence of a little hydrochloric acid, and is collected 
on a filter, which, after drying, is incinerated in a porcelain crucible 
The gold and filter ash are melted with 5 g. of assay lead on a scorifier 
and the button thus obtained is cupelled. 

The lower 'portion of the glass cylinder is packed with pieces of 
quartz or broken porcelain or similar material ; above this, powdered 
quartz is placed to serve as a filtering medium, and the moistened ore 
which should not be tightly packed, is placed on the top. A slow 

current of washed chlorine is passed upwards through the side openin" 
for an hour. 

.Silver, contained in the ore is converted into chloride, and this 
owing to its coating the gold particles, prevents the complete action of 
te chlorine on the gold. In working with argentiferous ores from the 
Siebenburgen, C. Balling 2 was able to extract only 93 per cent, of the 
actual gold present, in spite of repeated treatment with hot salt solution 
and chlorine gas. Pufahl obtained better results from similar ores by 
tie combination of wet and dry methods for silver ores containing gold. 
Otherwise, the Plattner method gives excellent resirits. 

Other Gold Extraction Methods._In order to ascertain the most 
satisfactory method for working on the large scale, R. Goering 3 
moistens 100 to 1 50 g. of roasted powdered ore with water, and treats 
this in a stoppered bottle with from 7 to 35 g. of fresh bleaching " 
powder, and 30 to 150 c.c. of hydrochloric acid, or with saturated 


1 Berg. u. Hutten. Zeit 1898, 5 7, 335. 

2 Probierkunde , 1870, p/^347. 

3 n • r 


Two drawings of the furnact 


_ Private Communication from R. Goering, Homestake Assay Offic 
to Prof. PuDhl. J 


are given in the paper. 
Dakota, January 1890, 
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bromine water ; the bottle is wrapped in a thick cloth and repeatedly 
shaken ; after standing over-night, the solution is filtered, and the gold, 
both in solution and in the residue, determined by the usuaj methods- 
The estimations are carried out simultaneously, both with roasted and 
unroasted ores of various degrees of coarseness. 

Extraction with aqueous potassium cyanide is investigated similarly. 
The ore is treated with* I per cent, or more dilute solutions of 
potassium cyanide, for varying lengths of time, the solution filtered, 
mixed with pure litharge, evaporated to dryness on the water-bath, and 
then run down with the usual fluxes in a crucible, and the lead button 
cupelled. Evaporation to dryness of the auriferous cyanide solution in 
a small lead dish, followed by scorification and cupellation, may also 
be adopted. The residues from the cyanide extraction are also assayed 
for gold. 

•For the determination of gold in cyanide solutions produced on a 
large scale, 1 the following method has been found satisfactory. Two 
hundred and fifty cubic centimetres of the solution are placed in a 
•beaker, 4 g. of zinc shavings and 30 c.c. #f 20 per cent, lead acetate 
solution added, and the whole boiled for one minute ; 30 c.c. of 
concentrated hydrochloric acid are then added to dissolve the zinc, 
and when all action has ceased, the solution is boiled and allowed to 
stand until cool. The clear liquor is decanted, the ^residual spongy 
lead collected, squeezed into a ball, wrapped in lead foil, dried, cupelled 
with a little silver, and parted in the usual way. 

The Detection of Minute Quantities of Gold.— The roasted ore 
is shaken with an alcoholic solution of iodine ; the solution is then 
absorbed by a few strips of Swedish filter paper, and, after drying and 
incinerating these, the presence of gold is indicated by the purple 
colour of the ash (Skey). 

A delicate reaction consists in treatment with bromine water, con- 
centration of the solution by evaporation, and addition of stannous 
chloride, whereby a precipitate of purple of Cassius is produced. 

Carnot’s colorimetric gold assay 2 depends on the production of a 
rose to purple tint in a hydrochloric acid solution containing gold* by 
the addition of zinc dust, in the presence of arsenic acid and ferrous 
chloride. Solutions are used containing gold varying from 1 mg. per 
100 c.c. to I mg. per 1000 c.c. Details of this method and of Rose’s 
colorimetric stannous chloride method are given in T. K. Rose’s text- 
book on The Metallurgy of Gold? 

1 gor the methods of examination of cyanide solutions from gold cyaniding works, cf The 
Chemistry of Cyanide Solutions , by J. E. Clennell, 1904, 

2 Cf. Weill, L'Or, 1896, p. 378 ; Berg ; u. Hiitten . ZeiL, 1896, 55, 215 ; J Soc, Chem . Ind ,, 

1896, xs, 674. „ 

3 The Metallurgy of Gold , by T. Kirke Rose, 5th edition, 1906, pp. 27, 468 ; cf also, Chem. 

News , 1892, 66, 271. « 



132 


METALS OTHER THAN IRON 


V. Schmelck 1 also makes use of the action of stannous chloride on 
gold solutions, for colorimetrically determining minute quantities of 
gold. 

Mayengon 2 states that a very delicate method of detection consists 
in eleetrolytically depositing the gold on a platinum wire. 

T. Doring 3 recommends the following method for the detection of 
small quantities of gold in ores: — One hundred grams of the finely 
powdered ore are slightly but evenly moistened in a stoppered bottle 
with i to 2 c.c. of a mixture of aboyt equal volumes of bromine and 
ether, by shaking the ore for at least a couple of hours in contact with 
the solvent. During this time the interior of the bottle must appear 
well filled with bromine vapour. Subsequently, 50 c.c. of water are 
added, and digestion is allowed to take place for a couple of hours, with 
occasional shaking. The whole is then filtered, and the clear solution 
evaporated to about one-fifth its volume ; a little bromine water is 
added, to allow of the subsequent formation of a little stannic chloride, 
which is necessary for the production of the purple tint, and then the 
solution is treated with staifhous chloride in a narrow test tube, and the* 
colour observed. A o* 1 per cent, gold solution shows at once a deep 
brownish violet coloration, which is opaque, even in thin layers. In a 
solution containing 0*01 per cent, of gold, an immediate brownish violet 
colour is produced, and a 14 cm. deep column is opaque. With 0*001 
per cent, of gold, an immediate pale violet tint results, which increases 
in depth after a few minutes ; a 14 cm. column is transparent. With 
0*0005 per cent, of gold, the stannous chloride' shows, after several 
minutes, especially in thicker layers, a pale violet-red colour, which 
gradually becomes more intense. Solutions containing 0*0001 per cent, 
of gold require to be first evaporated to about one-fifth of their volume ; 
a drop of bromine water is then added, after which the addition of 
stannous chloride will show a distinct rose tint in a 14 cm. column. 
Solutions containing 0*00005 per cent, of gold, treated similarly, show 
a very faint but still recognisable rose tint in a column 14 cm. deep. 
In the case of the very weak solutions, the colorations can be detected 
with greater certainty, if compared with a 14 cm. column of pure water 
in a test tube. The method, as described, is applicable to (a) pure 
quartzose ores; (b) impure quartz, especially if containing iron; (c) 
pyritic ores, even when containing antimony and arsenic; when notable 
quantities of sulphur, antimony, or arsenic are present, the ore should 
be roasted previous 4 o extraction ; (d) good results can be obtained with 
ores containing sulphides of other heavy metals, for instance with galena, 
zinc blende, and copper pyrites ; but in such cases the ore should be 
subjected to a preliminary roasting. In the case of ores containing 

1 Chetn, Zeit 1898, 22, 2 7 1. 

2 Berg . u. Hiitteru Zeit., 1887, 46, 403. 3 Ibid ., 1900, 59, 49, 73, 97. 
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coppeV pyrites, a certain amount of cupric bromide goes into solution 
during extraction, and then, on subsequent addition of stannous chloride, 
a white crystalline precipitate of cuprous bromide is produced; on 
account of its white colour, however, this does not interfere to any 
extent with the observation of the purple coloration. The method is 
not applicable with any certainty to ores containing tellurium, as the 
ethereal bromine mixture *has a solvent action on tellurium, as well as 
on tellurous acid and tellurium gold ; stannous chloride produces a 
black precipitate of tellurium in gold solutions which contain tellurium, 
which may completely conceal the purple coloration produced by the 
gold. 

By means of the Doring method, it is possible to detect the gold in 
ores containing o*5 g. per ton (about 8 grains per ton). 

Gold in Electro-plating Baths* — In gold baths, which contain a 
latge quantity of potassium cyanide besides gold potassium cyanide, 
the gold is estimated as follows : — Fifty cubic centimetres are treated in 
a 500 c.c. porcelain dish, in a draught chamber, with 30 c.c. of 25 per 
* cent, hydrochloric acid. The dish, covereckat first with a clock-glass, is 
warmed on a water-bath, at the end of ten minutes the cover-glass 
removed, the solution evaporated down to about 20 c.c., a hydrochloric 
acid solution containing 5 g. of stannous chloride added, and the heating 
continued for a further quarter of an hour; 100 c.c. of water are then 
added, the whole filtered through a strong (or double) filter paper, the 
residue washed on the filter paper with boiling water, and any residue 
adhering to the dish removed with a piece of moistened filter paper 
and added to the rest The filter is dried, burnt in a porcelain crucible, 
and .the residue melted into 5 g. of granulated assay lead, the button 
thus obtained being cupelled. If the gold button be not a full yellow, 
and therefore contains silver, it is parted according to the directions 
given on p. 1 29. 

Instead of taking up the “purple of Cassius” precipitate with lead, 
it may be strongly heated by itself in a porcelain crucible, and then 
warmed on a water-bath with 5 c.c. of hydrochloric acid and 0-5 c.c. of 
nitric acid, the crucible being at first covered with a watch-glass. JThe 
solution obtained Is evaporated, taken up with water containing a little 
hydrochloric acid, filtered, and the gold precipitated with ferrous 
sulphate, instead of with oxalic acid, on account of the copper usually 
present. The precipitate is filtered through a double ash-free paper, 
washed, dried, burnt in a porcelain crucible, and the pure gold weighed. 

^The potassium cyanide content of baths is either estimated volu- 
metrically, according to the method described in Vol. I., p. 550, or 
I c.c. of the solution is diluted with 20 c.c. of water, silver nitrate 
added in excess (equivalent to 0*1 or 0-2 g. silver), trhe solution stirred, 
5 c.c, of nitric acid (sp. gr. 1-2) added, and the whole allowed to stand 
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for several hours. The precipitate is then filtered, washed, and dried, 
the filter and its contents heated in a porcelain crucible and the car- 
bonaceous '■matter burnt off; after a final strong heating, the auriferous 
silver is weighed. The gold contained in i c.c. of bath solution is 
deducted, KCN = Agx 0*6035. 

Gold baths usually contain from 1 to 3 f g. gold, and from 5 to 20 g. 
potassium cyanide per litre. When gold chloride is used for the 
preparation of the bath, instead of the double cyanide, this potassium 
cyanide determination comes out somewhat too high, on account of the 
silver cyanide precipitate containing silver chloride. 

According to Silva, 1 gold and platinum can be precipitated in the 
metallic state, and pure, from solutions, which contain also chlorides of 
tin, antimony, and arsenic, by addition of an excess of sodium hydroxide 
solution, followed by chloral hydrate, and then warming. 

II.— The Assay of Gold Alloys 

The materials for assay # are chiefly rich gold bullion, which contains 
but little silver, copper, and platinum metals, alloys of gold with copper 
(coinage alloys), gold with silver, gold with silver and copper, and in 
addition, industrial alloys of low standard containing up to 10 per cent, 
of zinc, amalgams, auriferous platinum, and gold-platinum alloys (cf. 
Platinum, p. 148), auriferous lead, bismuth, antimony, and alloys of 
more or less indefinite composition resulting from the treatment of 
scrap, lemel, sweep, etc. 

Parting with Nitric Acid. Inquartation with Silver.— The part- 
ing of beads obtained in ore assays is described on p. 129. Alloys of 
gold with silver and copper are also usually parted with nitric acid. 

If the gold is alloyed with an excess of silver, or if the alloys contain 
much copper or other base metals, the gold remains behind in powder 
form after treatment of the alloy with hot nitric acid. 

The approximate gold content of rich alloys is ascertained by a 
preliminary assay, and then a gold-silver alloy is made, in which the 
relation of gold to silver is 1 to 2*5 or 1 to 3 (hence the term “ inquarta- 
tion ”). A strip is then rolled out and made into the form of a loose 
spiral, which is boiled in a parting-flask with pure nitric acid, until the 
silver is completely dissolved out ; the porous gold is washed with hot 
distilled water, then transferred to a small unglazed annealing cup, 
dried and ignited, and the pure gold weighed. 

When the gold content in the alloy is known, and only requires to 
be checked, as is the case with gold-copper coinage, the silver-gold alloy 
is obtained on a cupeUin the muffle by direct cupellation with the calcu- 
lated amount of silver for inquartation and the necessary quantity of lead. 

1 Z . anal Chem ., 1889, 28, 701. 
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A. Preliminary Assay 

i. Alloys which do not contain Copper. 

Touchstone Assay. — The streak produced on a touchstone is 
compared with those of cc needles ” of known fineness. 

Concentrated nitric acid should not completely dissolve the streak, 
and the gold should remain undissolved ; this forms a method^ of 
distinction from imitation gold a]Joys. 

Or, the bead obtained by cupellation of the original gold-silver- 
copper alloy with assay lead (cf. 2, Cupreous Alloys) is compared with 
those obtained from standard alloys containing 600, 700, 800, 900 
thousandths of gold, and with a bead from pure gold, all fixed on a 
white card and surrounded with a black edging. 

*For such comparative purposes, tiny plates of gold-silver alloys, a 
considerable number of which, with gradually increasing gold content, 
are attached to a porcelain plate, can also be used. 1 

When the percentage of silver reaches ^6, the gold content cannot 
be judged from the colour ; such alloys are white ; 2 per cent of silver 
will change a gold-coloured alloy to a brass colour. 

Full yellow alloys require two and a half to three times their own 
weight of silver, light yellow alloys twice their weight, £nd white alloys 
their own weight. As an example, suppose that by comparison with 
standard beads, the gold content of the alloys is estimated at between 
700 and 800 thousandths, the amount of silver required for the usual 
assay weight of 500 mg. is calculated as follows : — Anything between 
700 and 800 is taken as 700; consequently, in 5 00 mg. of the alloy, 
there are 0*7x500=350 mg. of gold and 150 mg. of silver. Now 
350 mg. of gold require 3 x 350= 1050 mg. of silver ; 1 50 mg. of silver are 
already present in the alloy, so that 900 mg. of assay silver must be 
weighed out and cupelled with the alloy. Should the original estimate 
have been too low, and the gold be exactly 800 per 1000, the 
amount of silver taken, 900, would still be ample for parting, since the 
relation of gold to silver would be 400 to (900+100) or 1 to 5*5. 
Usually the inquartation silver used is two and a half times the weight 
of the gold. 

In the case of white alloys, the gold content of which cannot be 
approximately gauged in the manner described, and which are alloyed 
with an equal weight of silver, coherent gold is onlypbtained on parting 
if th$ gold content of the original alloy is not much under 500 per 1000, 
Otherwise the gold remains as a powder and requires more care in 
decantation and collecting. ^ 

1 Goldschmidt, Z anal Chm* y 1878, 17, 142 ; Berg, «. Batten. Zeit , 1878, 37, 208. 
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2 . Alloys which contain Copper. 

For alloys that contain no silver, the touchstone assay is applicable, 
needles consisting of gold-copper alloys of known composition being 
employed. Even small quantities of silver, zinc, etc., in the gold-copper 
alloy have, however, quite an appreciable effect on the colour of the 
alloy. * 

The usual preliminary assay consists in cupelling from 250 to 500 
mg. of the alloy with eight to twenty -five times its weight of assay 
lead, according to the amount of copper present, just as in the case of 
the silver assay (p. in), except that a somewhat higher temperature 
must be employed, because copper is more difficult to oxidise completely 
in presence of gold. The loss in weight gives the amount of copper 
and other base metals, and, by comparison of the bead with standard 
beads, the quantity of inquartation silver required for the assay proper 
is ascertained. 


B. The Assay Proper 

r 

Cornet Assay. 1 — The method presupposes an approximate estima- 
tion of the gold, silver, and copper by a preliminary assay, and varies 
in minor details in nearly every laboratory. 2 

Two portions of exactly 500 mg. each, consisting of flattened pieces 
or drillings (from the upper and lower parts, in the case of ingots), are 
weighed out on a sensitive balance, and the requisite quantity of silver 
for inquartation added ; 3 the mixtures are wrapped in pure lead foil, 
and are put, with the necessary number of units of assay lead, on to a 
small tray and taken to the muffle furnace, containing a number of 
ready heated cupels. The lead is put into two cupels in the centre of 
the muffle and allowed to melt and “ uncover” in the closed muffle; the 
small packets of sample and silver are then introduced, the muffle closed 
until cupellation begins, when it is again opened and the operation 
carried out, as in the case of a silver assay. Litharge crystals should 
not appear. A higher temperature must be employed than in the case 
of the silver assay, owing to the higher melting point of gold. The 
maintenance of the proper temperature during cupellation has a con- 
siderable influence on the results. 

J. Prinsep, as long ago as 1828, made use of silver-gold and gold- 
platinum alloys for controlling the furnace temperature. Since the 
introduction of the Le Chatelier thermo-electrical pyrometer (see 
Vol. I., pp. 180 et seq .), it has been possible to fix the proper temperature 
for the assay of gold alloys by accurate experiments. T. Kirke Rose 

1 Cf. Kerl,^¥etaliurgiscbe Probierkunst \ 2nd edition, pp. 367 et seq . 

2 Cf Clandet, Trans . Inst. Min . and Met., 1906-7, 16, 136. 

* E, A. Smith,./. Inst, of Metals, 1910, 3, 105. * 
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has published a complete series of experiments in this connection. 1 He 
concludes that the mean temperature of the muffle during cupellation 
should be io6o° to 1065°; each 5 0 above this means a loss of gold to 
the extent of 0*01 per 1000. 

W. Witter 2 has investigated the influence of temperature on the 
accuracy of gold assays, and concludes that the best temperature for 
the cupellation of coinage gbld (goo gold to 100 copper) is 930,° of pure 
gold 950° to 960°, and of gold containing a little platinum iooo° to 
ioio 0 . 

The assays, after they have brightened,” are drawn forward in the 
muffle, and after setting, whereby a slight sinking of the surface takes 
place, they are removed altogether. The beads are detached by fine- 
nosed pliers, brushed on the under side, well squeezed with the pliers, 
and brushed again until the under surface is clean. The beads are 
the'n flattened on an anvil with a polished 
steel hammer, and the flattened bead 
heated to redness in the muffle on a 
# piece of porcelain, and rolled out No 
cracks should show at the edges on roll- 
ing. The rolled pieces are annealed, 
numbered by stamping, rolled on to a 
thick glass rod, and the cornets then 
slacked out. 

In the Berlin Mint, where 250 mg. 
of bar-gold, 562-5 mg. of silver, and 4 g. 
of lead are taken, the beads, rolled to a 
thickness of 0*5 mm. and a width of 
12 mm., have a length of about 25 mm. 

The accompanying illustrations 3 (Fig. 

49) show the bead, a; flattened bead, b ; rolled strip, c; cornet, d ; and 
annealed cornet, after parting, e, all in natural size, as obtained at the 
London Mint from 5 00 mg. gold, etc. 

The cornets are now boiled in a parting-flask with nitric acid. The 
parting-flasks are long-necked flasks of well-annealed potash-glass^or 
Jena glass), about ^00 mm. in length, 50 mm. wide in the body, and 
20 mm. wide at the end of the neck. Into these are introduced 20 c.c. 
of pure nitric acid of sp. gr. 1*2, free from chlorine, nitrous acid, and 
selenic acid. Each is placed on a stand (Fig. 50) over a rose-burner, 
and the acid is heated nearly to boiling ; the cornets are introduced, 
and^ boiling is continued for ten minutes after nitrous fumes have 
disappeared. 

1 J Chem. Soc ., 1893, 63, 707. Cf. also, The Metallurgy o/Gold^ Rose, 5th edition, 1906, 
pp. 470 et $eq^ and J. Soc . Chem. Ind. y 1893, 12, 359. 

2 Chem Zeit , 1889, 23, 522. 3 From Rose’s Metallurgy o/Goldj 5th edition, p. 479. 
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The flasks are removed from the stand with a cork-lined spring 
clamp, the acid carefully poured off Into a porcelain vessel, and the 
cornets washed with hot distilled water, by decantation ; about 20 c.c. 
of hot pure nitric acid, of sp. gr. 1-3, are now added, and the boiling 
continued for from fifteen to twenty minutes, to complete, as far as 
possible, the solution of the traces of s^ver still remaining in the 
gold ; this can be effected so as to leave a residue of from o-i to 0*14 
percent. To prevent bumping of the concentrated acid during the 
second boiling, a piece of wood-cha^oal is introduced, or a charred 
pea or charred peppercorn. 

After the second boiling, the acid is again poured off and the 
cornet washed twice with hot distilled water, the flask being filled 

completely from a glass 

vessel each time, whilst 

j « 

held in a slanting position. 

After the washing is 
completed, the flask is once # 
more filled with water and 
carefully inverted in a 
small unglazed annealing 
cup. The brittle dark 
brown gold cornet falls 
into the cup ; the water is 
allowed to escape gradu- 
ally from the flask by 
allowing it to overflow 
from the cup into a beaker. 
The water in the cup is 
then poured off as com- 
pletely as possible, the 
slight remainder being ab- 
sorbed by means of a strip 
of filter paper, care, being 
taken that no gold is removed ; the cup is dried Jfor five minutes in 
front of the muffle, and then heated for a minute or two in the muffle 
to a bright red heat The gold shrinks to about one-third of its former 
size, and becomes golden yellow in colour, lustrous, and coherent The 
stamped number is distinctly visible. The cornet is then transferred 
to the pan of an assay balance and weighed to within o-i to 0-05 mg. 
The mean of the assays of “ upper ” and “ lower ” samples is take*i as 
the true assay of the bar. 

For simultaneously boiling a large number of samples, up to, 
say, 100, a very convenient form of platinum apparatus made by 
Johnson, Matthey & Co., is employed in the* mints in London, 
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Berlin, and other places. 1 Parting cruets made of silica are also 
obtainable. 

The results of assays of gold alloys are reported either (decimally 
or by the “carat” system. 2 The decimal system is now being more 
generally adopted, but the older “ carat ” system is still largely used in 
England, as the workers an<j} dealers in gold and silver alloys prefer 
this method of valuation. In these reports the alloys are referred to 
standard gold, 22 carat (916-6 per 1000), pure gold being 24 carat. TJje 
gold carat contains 4 grains, anci the grain is subdivided into eight 
parts. In reporting how much gold in carats, grains, and eighths is 
present in an alloy above or below the legal “ standard,” the conven- 
tional terms “betterness” or “worseness” are used, the metal being 
reported as B r when above standard and W° when below; for 
example, a sample of 18-carat gold would be reported as 4 carats 
worse, the report reading: — 

Gold Report. 

Carats. Grains. 

• Wo . 4 

Standard, 22 carats. 

In the reports of “ parting 5 ' assays, in which both the gold and 
silver are returned in ounces of fine gold and silver in one pound 
troy, the abbreviations F.G. (fine gold) and F.S. (fine silver) are very 
frequently employed. 

With regard to the accuracy of the cornet assay, Rose states that, 
with careful working, the error does not exceed ±0-02 per 1000 ; th : s is 
confirmed by the very careful experiments of W. Witter. 3 The un- 
avoidable loss of gold by absorption in the cupel and by volatilisation 
is almost exactly counterbalanced by the 1-2 to 1-4 parts per 1000 of 
silver remaining in the cornet 

In order to have a check on more material losses of gold, caused by 
an excessive temperature during cupellation, solution of gold, etc., 
check assays are frequently made, using pure gold, pure copper, and the 
same amount of silver and assay lead as are used in the assay itself, 
such check assays being cupelled alongside the assays proper. These 
checks generally show a surcharge of o-i to 0-4 per 1000, which has 
to be deducted from the assay values found. 

Pure gold (assay gold) for this purpose was prepared by Roberts- 
Austen, at the London Mint, as follows: 4 — Cornets obtained from gold 
of a high degree of fineness were dissolved in aqua regia, excess of 

m 

1 Kerl, Metallurgist Probierkunst, 2nd ed., p. 374 J particulars of construction, see 
Jarman, Trans . Inst- Min. and Met., 1905-6, 15, 625. 

2 Cf. E< A. Smith,/. Inst. Metals , 1910, 3, 122. 

3 Chem. Zeit 1899, 23, 522 ; J. Soc. Chem. Ind., 1899, 18, 768. 

4 Fourth Annual Report of* the London Mint , 1873, p. 46. 
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acid removed by evaporation, and*, platinum precipitated by' addition 
of potassium chloride and alcohol to the concentrated solution. The 
filtered gold solution, after diluting considerably with distilled water 
so that the strength was about 15 g. gold to 4-5 litres, was allowed to 
stand for about three weeks, to ensure precipitation of silver chloride ; 
the clear liquid was then syphoned off, and the gold from 4-5 litres of 
solution precipitated in spongy condition, in the course of four days, 
by the frequent addition of small quantities of pure oxalic acid, the 
solution being gently warmed during^ the precipitation. This was then 
repeatedly digested with hydrochloric acid, distilled water, and ammonia, 
and finally washed with distilled water, dried, and melted in a clay 
crucible, with acid potassium sulphate and borax. The purified gold 
was cast in a marble mould. 

C. Whitehead 1 evaporates the gold chloride solution to dryness, 
dissolves the residue in water with the addition of a few cubic centi- 
metres of hydrobromic acid, and dilutes the solution from 10 g. gold to 
i*5 litre. The gold is precipitated from the absolutely clear syphoned 
solution by means of sulphur dioxide, again dissolved, and the above 
treatment repeated, the gold being finally washed, dried, and melted 
with borax and nitre. 

The following modification of the ordinary assay is due to Bock. 2 
Cupellation, with its attendant loss of gold, is avoided by alloying the 
rich bullion with the requisite amount of silver in a small graphite 
crucible, flattening out the button, re-melting, and then making the 
cornet, and boiling in the usual way twice with nitric acid ; the minute 
remainder of silver is then removed electrolytically, by subjecting 
the cornet for ten minutes, in a platinum crucible, to a current not 
exceeding 1 ampere per square metre of cathode surface, the electrolyte 
consisting of very weak nitric acid (one volume nitric acid of sp. gr. 
1*2 to five volumes of water). 

An examination of this method by Witter and Bock, in the 
Staatshiitten laboratory at Hamburg, showed the results to be excellent. 
It is unfortunately unsuitable for brittle gold, which, even when alloyed 
with silver, cannot be either beaten out or rolled, but it is well suited 
for malleable gold and malleable gold-silver-coppet* alloys. 

Influence of Platinum Metals on the Mint Assay.— Platinum and 
platinum metals are frequently contained in gold bullion, and their 
presence is undesirable; gold, containing much of these metals, is not 
bought by the mints. 

Platinum, The presence of small quantities of platinum in gpld is 
indicated by the rough, crystalline appearance of the surface of the bead, 
obtained by cupeHing without addition of silver ; larger quantities are 

1 Eng . and Mining J ., 1899, 68, 785 ; J . Soc . Chem . Ind ., 19, ijco, 148. 

2 Chem . Zeit ., 1897, 21, 973 ; 1898, 22, 358 ; 1899, 23, 49 ; J . Soc . Chem . Ind ., 1898, 17, 695. 
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indicated* by the grey colour of thetead. Platinum is separated from 
gold by cupelling the cornet obtained in the assay with eight times its 
weight of silver and lead, boiling with nitric acid, weighing the gold 
powder produced, repetition of the alloying with silver, boiling, and so 
on, until the gold obtained is of constant weight. 1 

Priwoznik 2 states that platinum, to the extent of 2 per cent, of the 
weight of the gold, goes into Solution in nitric acid along with the silver, 
the solution being colourless ; traces of palladium, however, produce a 
pale yellow, and more palladium a brownish to reddish brown colour. m 

J. Spiller 3 states that the best solvent for platinum - silver is hot 
nitric acid of sp. gr. 1-42, which dissolves 0-75 to 1*25 per cent, of 
platinum along with the silver. Weak acid of sp. gr. 1-2 dissolves only 
0*25 per cent, of platinum ; the strongest acid is unsuitable, and brings 
about a separation of platinum black. 

H. Carmichael 4 has shown that the solution of platinum is influenced 
by the proportion of platinum to gold, as well as by that of platinum to 
silver. For example, an alloy consisting of platinum 5 to 7 mg., gold 
I Do mg., silver 400 mg., on being boiled first in nitric acid of sp. gr. 
I- 17 1, followed byasecond acid of sp. gr. 1*285, parted completely, all the 
platinum going into solution. Mass action seems to play a part in this 
process, for whereas the above alloy parted completely, an alloy consist- 
ing of platinum 14 mg., gold 200 mg., silver 800 mg#* did not part, 
although an alloy of platinum 14 mg., gold 300 mg., silver 900 mg., 
parted completely. 

From these results it will be seen that there should be about twenty 
times as much gold as platinum, and about three times as much silver 
as golckpresent, in order to part the gold completely from platinum and 
silver by means of nitric acid. 

Palladium. According to Priwoznik, palladium cannot produce any 
considerable error in gold assays, as an alloy of 102 parts of palladium 
and 1250 parts of silver dissolves completely in strong nitric acid, form- 
ing a reddish brown solution. 

Iridium in gold produces, on cupellation with silver and lead, 
rough, dark-spotted beads, from which rough, blistered, dark-grey to 
black-spotted cornet* are obtained, in which iridium can be detected in 
the blisters. 

In assay laboratories, Iridium and Osmiridium are usually separated 

1 Cf. C. Winkler, “ Solubility of Platinum Silver in Nitric Acid,” Z. anal. Chern ., 1874, 13, 
369; J Chem. Soc 1875, 28, 428; see also, Oehmischen, Berg. u."Hiitten. Zeit., 1901, 60, 
137 J /•Soc. Chern. Ind '., 1901, 20, 507. 

2 Berg. u. Hiitten . Zeit ., 1,895, 44, 325 ; cf. also, 0 ester r. Zeitschriftf Berg. u. Hiitten ., 47, 356 ; 
J. Chem. Soc. Abstr ., 1900, 78, in. 

3 Proc. Chem. Soc., 1897, 18, 118 ; Chem. Zeit., 1897, 21, 477 ; Chem , Ind., 1897, 16, 
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from the gold, alloyed with two Or three times its weight of silver, 
before treatment with sulphuric acid, by allowing the alloy to stand in 
the crucible for half to three-quarters of an hour, after stirring. The 
iridium and osmiridium sink to the bottom. 

The presence of Rhodium causes high results to be obtained in the 
gold assay. Iridium and rhodium remain almost entirely undissolved 
when the cornet is treated with aqua regia# 

Ruthenium produces considerable liability to spitting of the cupelled 
bSStd. On cooling, such beads appear greyish black with a blue and 
green sheen in spots where spitting h&s not taken place. 

Osmium volatilises during cupellation, in the form of perosmic acid. 
Determination of Gold in Gold-Silver-Copper Alloys and in 
Auriferous Silver. — Two lots of 0*5 g. of the alloy are cupelled with 
sixteen times to thirty-two times the weight of assay lead, the percen- 
tage of base metal ascertained by loss, the bead alloyed, if necessary, 
with silver, and parted by boiling with nitric acid, etc. 

In American mints and in the more important commercial labora- 
tories in New York, according to C. Whitehead and T. Ulke, 1 the noble 
metals in gold-silver alloys, rich in copper, are estimated as follows : — 
Ten grams of the sample are attacked by boiling with 100 c.c. of 
nitric acid (sp. gr. 1*2), the solution diluted to 300 c.c., and the gold 
collected on a filter ; this is then dried, 2* 5 g. of granulated lead added 
on the filter, which is then folded up and dipped into 5 g, of lead already 
melted on a scorifier ; after limited scorification, the melt is poured and 
the button freed from slag and cupelled. 

The hot filtrate from the gold is treated with a sufficiency of common 
salt and well agitated by means of compressed air. If over 0*06 per 
cent of silver be present in the alloy, the silver chloride settles in the 
course of half an hour. On account of the presence of traces of gold, 
filtration is effected through a double filter, and 2-5 g. of granulated lead 
are added on the filter. The whole is dried on a scorifier over the 
muffle, the paper then burnt by placing it in the muffle, 15 g. of lead 
and 0-5 of borax added, and the whole scorified. The button, which 
should weigh about 4 g., is cupelled, and the weighed bead parted. 

* R. van Liew 2 reduces the gold loss experienced on dissolving 
copper containing noble metals in nitric acid, by lowering the work- 
ing temperature. An assay ton of drillings is treated at ordinary 
temperature with 350 c.c. of water and 100 c.c. of nitric acid (sp. gr. 
1-42); the solution occupies twenty-four hours. Air is then blown 
through the solution, 2 to 4 c.c. of normal salt solution added, and after 
standing for twelve hours, the precipitate is collected on a filte* and 

1 Eng. and Min. J., iSo8, 65 [7], 189 ; /• Soc. Chem. Ind 1898, 17, 379; Cham. Zeit. Rep., 
1898, 22, 69. 

2 Eng . and Min . J . , 1 900, 69, 469, 498 ; Chem . Zeit Rep., 1900, 24, 147. 
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washed. • From 4 to 6 g. of assay lead are then added on the dried 
filter, the filter incinerated on 3. scorifier outside the muffle, and the 
scorification carried out with the addition of 3 or 4 g. of litharge and 
3 or 4 g. of fused borax. This is followed by cupellation and parting. 

Lindemann 1 dissolves 10 g. of crude silver in a long-necked flask in 
80 to 100 c.c. of nitric acid (sp. gr. 1-2) decants the silver solution ‘into 
a litre flask, and then boils the residual gold again with nitric acid ; the 
solution is again decanted, the residue washed repeatedly with hot 
distilled water, all the wash water united in the litre flask, and the gffld 
collected in a tiny crucible, dried, Ignited, and weighed. 

The silver solution is cooled to the ordinary temperature, and 
diluted to exactly 1 litre; 100 c.c. (corresponding to 1 g. of the sample) 
are then titrated with ammonium thiocyanate (cf. Vol. I., p. 123, and 
Silver, p. 1 16). 

Oehmischen 2 treats gold alloys, containing tin and zinc, by 
scorification with twenty times their weight of assay lead and a quarter 
their weight of borax, then cupels the lead button, and so on. 

• Inquartation with Cadmium.— This method, due to Balling, 3 is 
carried out without cupellation in a muffle, and allows, furthermore, of 
an accurate determination of silver in one and the same sample. 

According to Kraus, 4 satisfactory results are obtained by the 
following modification: — About 3 g. of potassium cyanide are melted 
in a small porcelain crucible, over a gas flame or a spirit lamp, 250 mg. 
of the alloy (gold bullion) added, and then two and a half times its 
weight of cadmium ; after melting down, the whole is shaken round, 
whereupon a silver-white mobile alloy is produced. After cooling, the 
potassium cyanide is removed by water, the button (or, if two samples 
are treated, both buttons) transferred to a parting flask and treated with 
nitric acid (sp. gr. 1*2), a charred pea being introduced, and the whole 
heated for some time ; in the case of fine gold, the boiling occupies one 
hour. The solution is decanted, and the residue washed once with hot 
water, after which it is boiled for ten minutes with nitric acid of sp. gr. 
1*3, the solution poured off, the residue washed with hot water, and 
boiled for five minutes with water, which is then poured off ; the flask is 
then filled with wat<yr, the gold transferred to a small porcelain crucible, 
dried, and ignited, and the beads weighed, either separately or together. 

If the decanted acid and washings are collected, the silver can be 
determined as silver chloride, after evaporation, or it can be estimated 
volumetrically by the Volhard method (p. 116). 

1 21 anal. Chem 1877, 16, 361. 

2 Z ‘ angew. Chem 1895, 8, 133 ; J . Chem. Soc. Abstr ., 1895, 68, 295. 

3 Oesterr. ZeitschrifL , 1879, p. 597 ; 1881, No. 3. 

4 Ding/. polyL J , 1880, 236, 323 ; Berg. u. Hiitten. Zeit ., 1 880, 39 ^ 3 ^) ; J* Chem . Soc. A bstr. y 
1880, 38, 679. 
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The cadmium alloy is brittle ancf cannot be flattened; consequently, 
long-continued boiling of the bead with nitric acid is necessary ; the 
final boiling with water must also be very thorough, in order to remove 
the last traces of cadmium nitrate. 

Estimation of Gold in various Alloys. — Alloys rich in copper may 
be assayed by scorification and cupellation, or by the combined wet 
and dry method (cf p. log). If the copjfer be small in amount, the 
alloy may be cupelled, according to Kerl, with addition of silver ; the 
silver must be about three times the reputed gold content, otherwise the 
gold bead will contain copper. # 

Kerl states that with gold amalgam the mercury must be distilled off 
in a hard-glass retort, and the residue of spongy gold scorified with eight 
times its weight of assay lead, the temperature being gradually raised. 

Lead and Bismuth-gold alloys are cupelled direct, but poor alloys 
should be first concentrated. 

Auriferous antimony may be assayed as follows : x — Thirty grams of 
powdered antimony are mixed with 60 g. of litharge, 12 g. of nitre, 
and 12 g. of sodium carbonate, and melted in a crucible for a quarter 
of an hour at a low red heat in a wind-furnace ; the melt is poured into 
a mould, and the button cupelled. The slag from the melt is run 
down with 30 g. of litharge and x-2 g. of charcoal; the button from this 
is also cupelled* 

For the assay of alloys of gold with platinum and the platinum 
metals* cf. Platinum, p. 148. 

Electrolytic Estimations of Gold.— Gold is seldom estimated 
electrolytically. 1 2 

Imitation Gold Alloys. — According to Weber, these alloys show a 
black coloration on the surface when treated with one drop of a con- 
centrated solution of cupric chloride ; the surface should be first cleaned 
with alcohol and ether. Gold alloys, and even thinly-plated goods, do 
not react thus. Solutions of silver nitrate and gold chloride exert a 
similar action. The streak produced on the touchstone by imitation 
alloys disappears on treatment with strong nitric add. 

m Very thin plating is detectable, according to R. Finkener, by taking 
a piece of material weighing o-i to 1-5 g., washing with alcohol and 
ether, and then treating it in a beaker with 0-5 to 10 c.c. of pure nitric 
acid (sp. gr. 1-3). Tiny gold leaflets are soon observable on the bottom 
of the beaker and also floating on the surface of the liquid. 

If wash-gilded material is similarly treated, the more coherent gold 
particles appear rough on the under side and are somewhat darker in 
colour. 

1 E. A. Smith, J. Socj£hem. Ind 1893, 12, 316 ; Chem . News, 1893, 67, 195. 

2 Cf. Quantitative Chemical Analysis by Electrolysis , A Classen, translated by B. Boltwood, 
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PLATINUM 

Platinum ores, the metal itself, and the platinum metals £nd their 
alloys, are seldom assayed in commercial laboratories. Their content 
and value are almost exclusively determined in the laboratories o£ the 
dealers in St Petersburg, London, Hanau, Frankfort-on-Main, Paris, 
and New York, whither also worn-out sulphuric acid pans and old 
platinum laboratory utensils are sent to be re-worked. ^ 

The quantitative separation of the individual platinum metals is a 
matter of considerable difficulty. 

The raw materials for the manufacture of platinum and the platinum 
metals are : — 

Native Platinum , obtained by washing alluvial deposits, and usually 
accompanied by gold, osmiridium, and many specifically heavy minerals, 
such as chrome iron ore, titanic iron ore, magnetite, zircon, spinelle, etc. 

Sperrylite , PtAs 2 , containing a little rhodium and antimony, found 
only in Canada, accompanying nickel ores. 

• The Platinum Metals , obtained in the parting of gold-silver alloys 
and in the electrolytic separation of gold. 

Russian 3, 6, and 12 rouble pieces , struck in the thirtieth and fiftieth 
years of the nineteenth century, and kept in circulation for a short time. 

Native platinum (washed platinum) contains, ok the average, 
according to Kerl, 1 from 80 to 86 per cent, of platinum, 1 to 8 per cent 
of iridium, 1 to 8 per cent, of osmiridium, 0-25 to 2 per cent, of 
palladium, 0*4 to 3 per cent, of rhodium and ruthenium, 5 to 13 per 
cent, of iron and copper, and 1 to 4 per cent, of sand. In the ore from 
the Urals, the content of iridium, rhodium, and palladium together is 
usually 4 to 5 per cent., and the residue, insoluble in aqua regia and 
consisting chiefly of osmiridium, is about 8 per cent. 

Good ores, as a rule, have a specific gravity of 16 to 17 ; large pieces 
containing veins of chrome iron ore, etc., are appreciably lighter. 
Pufahl found the specific gravity of such a piece from Nischne-Tagilsk 
to be 12-304. 

«Assay Methods for Ores 2 • 

Originally the ores were assayed and worked in the wet way; a 
combination of wet and dry processes is now employed. 

Deville and Debray’s Dry Method for Platinum Sand . 3 

i. m Gangue (Quartz, Chromite, Titanic Iron Ore, etc.). Several 
samples, of 2 g. each, are fused with 7 to 10 g. of fine silver, under a 

1 Muspratt-Stohmann' s Handbuck der technischen Chemie , 4th editiotevoL vii. (1898), p. 260. 

2 Cf. ibid. 

3 Ann. Ctiim . Pkys. : 1859 (&•)•> 385 ; Berg. u. Hiitten . ZeiL, i860, 19, 256. 

II K 



146 


metals other than- iron 


layer of io g. of borax, in small, glazed, clav crucible* Th„ 

be considerably above th^elti^^L I VhToTts 
well stirred with the stem of a clay pine and the • „ T 

cool, when the bora, and other 

rSdTo™I«tf “'t, 5 " 1 *™ aCM a " d h 3' dro(I “‘>ric acid betg 
foTsevSllont n wT aS:C *“'* weightag ■» S, » boiled continuously 

■nadc ££T.’ ^h ^ 

s e r fi f ter ’ * te — y s n h L m a ^riK: 

.oitbiy 0 Lr;r sj* a stro ” g , ly be r and ™ 

Instead of hnn, b j •„ ruIe ’ t0 ° low to a negligible extent, 
instead of boiling with mercury, the ore may be made into a tb,yu 

T ? r T d " th -rcur/fo^othorSat 

latter treated as above (Ea'nniste’r) 11 fr ° m tte m ' rCUry and the 

platfnZ d?h *d° ^ ***¥ B ° Id ' Precipitated elec, roly, ically in a 
p tinum dish, dissolves easily m a solution of common salt saturated 

Mr™ - fTl thC 1 lalinum bd ” E >«acbedl aassen c“ 

thS;J h V° r for g ° Id mi S ht > therefore, be made use of in 
the estimation ®f gold in platinum ores. 

Fifty , grams “ f ore are fused with 75 g. of assay lead 
“1 S 0 °bt°l P™ f a ! en \“ a fire-clay crucible, under a layer of 

rnwfl all the b a ““"S b “" g effected with the stem of a clay pipe, 
t lf . bCad f are dlssolved ; the temperature is gradually raised 

to the melting point of silver, then S o g. of litharge are added md 
the temperature still further raised for a short time The platinum 

at the bottom ° ! ™ r ‘ d, “^.f°>' ''«•> ‘ h c lead, and osmiridium collects 

the anencvT'tl 1 P of copper and iron, produced through 
he agency of the galena, are oxidised by die litharge, and the oxide is 

f 5? ^hen evolution of sulphur dioxide has ceased the crucible 
s al owed to cool, and the button, which weighs about acbgcWd 
the lower portion is then sawn off, ,0 the extent of abo„“ t-,e„,h of 
the bead and weighed. The main portion of ,l„,hard alloy, toge ,e r 

^fh ontTcupetd * te SaWi ” 8 ' fa “ d Powdered^lf: 

To avoid this treatment, the lead-platinum alloy can be cuoelleH 
, c ! § c , n P?r?tUre ’ with five t0 six times its weight of Viler 

f. Classen, Quantitate Chemical Analysis by Electrolysis, translated by Boltwood 
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(accurately weighed), and, in addition, assay lead. The increase in 
weight of the silver gives the platinum content of one-ninth of the total, 
so that nine times this value gives the amount in the whole upper por- 
tion of the lead-platinum alloy. 

The silver-platinum alloy, after being rolled out quite thin, c^n be 
parted by continued boiling with concentrated sulphuric acid. 

The lower tenth of the large lead-platinum button, which was sawn 
off, is broken down and warmed for some time with ten times its weight 
of nitric acid (sp. gr. i-2) and an equal quantity of water, in order to 
dissolve out the lead ; the residue, consisting of osmiridium prills and 
leaflets and platinum black, is thoroughly washed by decantation, first 
with hot water containing nitric acid, and finally with hot water, then 
dried and weighed. The platinum is then dissolved out with hot 
aqua regia and the unchanged osmiridium washed, dried, and weighed. 

The percentage of platinum with platinum metals, and also that of 
osmiridium, is thus ascertained. 

The pure platinum contained in the ore is from 4 to 5 per cent, less 
than the amount found, since the platinum ki Russian ore is alloyed, 
fairly evenly, with 4 to 5 per cent, of the other platinum metals ; the 
percentage of osmiridium, however, varies considerably. 

The following is a very suitable method for the examination of 
platinum-bearing sands, etc. The crushed material is fluxed in a pot 
with red lead, etc., in order to obtain a lead button, as described under 
the assay of silver and gold ores. The lead button is cupelled, and the 
resulting bead rolled out and boiled in dilute sulphuric acid, the acid 
being gradually allowed to get stronger. The residue is washed, 
boiled 4 n nitric acid, and again washed. The two resulting solutions 
contain the silver. The residue is then dissolved in aqua regia. 
Osmiridium remains, together with a trace of silver chloride and lead 
sulphate; the silver chloride may be dissolved in ammonia, and the 
lead sulphate in ammonium acetate solution. The osmiridium is then 
washed, weighed, and further examined, if necessary. The aqua regia 
solution contains platinum and gold ; platinum may be precipitated by 

ammonium chloride, and gold by ferrous sulphate (Bannister). 

* 

Wet Assay for Ores. 

In the St Petersburg Mint 5 to 10 g. of gold-free ore are repeatedly 
digested for eight or ten hours in a porcelain dish with aqua regia 
(one volume nitric acid of sp. gr. 1-34 to three volumes hydrochloric 
acid), until a yellow solution is no longer obtainable. A concentrated 
solution of ammonium chloride is added to the solution, which contains 
platinum, iridium, palladium, rhodium, etc., and the precipitate, coloured 
red by iridium, is transferred to a filter, washed with"aicohol, dried, and 
gently ignited. On prolonged digestion of this residue with consider- 
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ably diluted aqua regia (1:4 or 1:5) at 40°, only platinum goes 
into solution. From the difference between the weight of the platinum 
black containing iridium and that of the iridium obtained, the amount 
of pure platinum is ascertained. 

The following method, due to Hess, 1 can be recommended. The ore 
is fused with four times its weight of zinc, ^nd the finely powdered alloy 
treated first with weak, then with strong sulphuric acid, whereby the 
zme is dissolved ; the copper and lead are then dissolved out with 
nitric acid, and the washed residue ^treated with aqua regia. The 
separation of platinum, etc., is effected as above. 

Miller- scorifies platinum ores with assay lead, then dissolves out 
the lead by warming the button with dilute nitric acid of sp. gr. 1-05, 
oxidises the residue by roasting, and boils again for ten minutes with 
nitric acid. The washed and dried residue is weighed as crude platinum. 
Should it contain gold, it is treated with weak aqua regia (Y: 5), 
the filtered platinum-gold solution evaporated to dryness, very weak 
hydrochloric acid added, and the gold precipitated with oxalic acid, 
filtered off, washed, dried, cfnd cupelled with a little lead. The difference 
between the weight of crude platinum and of the residue from the 
treatment with aqua regia plus the weight of gold, gives the weight of 
platinum which has gone into solution. 

The iridiun? is dissolved from the residue left on treatment with 
aqua segia, by heating with strong aqua regia; the final residue is 
only osmiridium. 

The solutions obtained from gold-bearing ores are evaporated to 
dryness on the water-bath with addition of ammonium chloride, the 
ammonium platinic chloride extracted with absolute alcohol, to /remove 
the ammonium auric chloride and the gold precipitated from the 
solution with ferrous sulphate, after removal of the alcohol and acidify- 
ing with hydrochloric acid. 

The residue from the treatment with alcohol is dried, the ammonium 
chloride volatilised, the residue ignited, and the platinum dissolved out 
with weak aqua regia, and so on. 

r For the Electrolytic Separation of Platinum , cf Classen, Chemical 
Analysis by means of Electrolysis , English translation, p. 276. 

Platinum Alloys 

. 1. Platinum, Gold, and Copper. 

The removal of copper is effected by cupelling with eight tOrthirty 
times the weight of lead, at a high temperature ; the bead is then 

1 Ding/. polyUj, 183C 133, 270. 

2 School of Mines Quarterly (Columbia University, New York), 17, 26 ; Berg u. HUtten. Zeit 
1896, 55, 235 ; J. Soc . Chem. Ind., 1896, 15, 379. 
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flattened, treated with aqua regia, the platinum precipitated as 
ammonium platinum chloride, by evaporation with ammonium chloride, 
and the gold precipitated from the hydrochloric acid filtrate with 
ferrous sulphate. 

2. Platinum, Silver, and Copper. 

The alloy is cupelled with eight to thirty times its weight of lead 
and sufficient silver to give, in the resulting alloy, five parts of silver^Jo 
one of platinum. 1 The approximate platinum content must be ascertained 
by a preliminary assay. The flattened bead is boiled for a quarter of 
an hour with concentrated sulphuric acid, and the resulting platinum 
powder similarly treated with dilute sulphuric acid, and finally with 
water. The residue is then transferred to a small crucible, as in the 
case of the gold powder in the gold assay. Any retained silver is 
determined by dissolving in aqua regia, evaporating, and filtering from 
platiniferous silver chloride, then dissolving the silver chloride in 
ammonia and reprecipitating it by acidifying with nitric acid. 

♦ 

3. Platinum, Silver, and Gold (with Copper and Osmiridium). 

Two hundred mg. of the alloy are cupelled with eight to thirty 
times as much lead, sufficient silver being added to^ ensure a ratio 
of three parts of silver to one of gold in the resulting alloy; copper 
is determined by difference. The alloy is then flattened and* rolled, 
with repeated annealing, the cornet boiled first with concentrated 
sulphuric acid, then with dilute sulphuric acid, and finally with water, 
after which it is dried, ignited, and weighed. The loss, less the amount 
of added silver, represents the silver in the 200 mg. of original 
alloy taken for the assay. The cornet is then cupelled with an excess 
of silver (at least twelve times the weight of the presumed, or approxi- 
mately determined, platinum content) and assay lead, a fresh cornet 
made, and boiled first with nitric acid of sp. gr. 1*16, then with somewhat 
stronger acid of sp. gr. 1*26; the platinum and silver go into solution. 2 

On treatment of the residue, consisting of gold and osmiridium, 
with aqua regia, onJy gold goes into solution, and this is precipitated 
in the usual way. 

A somewhat modified method is described by Oemischen. 3 

Recovery of Platinum from Platinum Residues obtained in 
potassium estimations; cf. Vol. I., p. 521. 

. 1 Riemsdijk, Berg. u. Hutten Zeit., 1886, 45, 213. 

2 In regard to the solubility of platinum-silver alloys in nitric acid, cf. Gold Inquartation, 

p. 141. 

3 Berg. u. Hutten . Zeit. % 190I, 60, 1 37 ; J. Soc. Chem. lnd. y 1901, 2?r 507. 
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MERCURY 

* 

The most important ore of mercury is Cinnabar , which, in its 
purest form, contains, 36-21 per cent, of mercury; tiny drops of 
metallic mercury are occasionally found in fit. 

Idrialite is a peculiar variety of cinnabar from Idria ; it is a mixture 
o4^cinnabar with idrialine (a hydrocarbon which is present in idrialite 
to the extent of as much as 75 p^r cent.), iron pyrites, clay, and 
gypsum. Hepatic cinnabar and the spathic iron ore of Idria contain 
cinnabar, idrialine, bitumen, and other carbonaceous substances, in very 
varying amounts. 

Other mercury ores are Calomel , , Mercury selenide , and the Silver 
amalgams , containing varying percentages of mercury, but they ^ are 
not found in large quantities and do not call for commercial examina- 
tion. As much as 17 per cent, of mercury occurs in some Hungarian 
and Tyrolese fahl ores. 

The most frequently erfiployed method of assaying mercury ores is 
the rapid gold amalgamation assay, due to Eschka ; it gives satisfactory 
results. Distillation tests, in which the mercury is collected as such, 
are practically only used as works’ tests. Purely analytical wet methods 
are very seldom used, though electrolytic methods are occasionally 
employed. 

Distillation Test for Mercury. 

Average samples, up to 2 kg. in weight, are mixed with from one- 
half to an equal weight of black flux, and heated to a bright red heat 
in earthenware or iron retorts or pipes, and the mercury is condensed 
by water-cooling. 

II. Rose’s 1 distillation method, carried out on a smaller scale, gives 
very good results. The mercury compounds (cinnabar, calomel, corrosive 
sublimate, sulphate, etc.) are decomposed with calcium oxide at a 
moderate temperature in a hard-glass combustion tube; the mercury 
vapour is driven out of the tube by means of carbon dioxide, and con- 
densed by cooling. The method is carried out as fpllows : — 

A layer of roughly powdered magnesite (which is better than 
either chalk or sodium bicarbonate), 25 to 50 mm. in length, is 
introduced into a combustion tube closed at one end and having a 
length of 30 to 45 cm., with a diameter of 10 to 15 mm. ; a mixture 
of ore and burnt -lime, and then a layer of lime and a loose plug of 
asbestos, are placed in front of the magnesite. The end of the tribe is 
drawn out and bent downwards at an obtuse angle. By carefully 
tapping the tube, jphile it is held in a horizontal position, a channel 
is formed for the subsequent escape of the carbqn dioxide. The tube 

1 Rose-Finkener. Handbuck d. analvtischen Chemie . vol. ii.. dd. 187 ei seo. 
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is placed in a furnace, which slopes slightly, and is heated, first at the 
end where the free lime is contained, until it attains a red heat at this 
section ; the mixture itself is then heated, and finally the magnesite. 
The drawn-out end of the tube dips under water, contained in a small 
flask, in which almost all the mercury is collected ; the end of the* tube 
is cut off, and the drops of ^mercury remaining therein are washed out 
and added to the bulk in the flask. In some cases an open combustion 
tube is used, coal gas being passed through during the distillation. Tfee 
collected mercury is transferred to a tared porcelain crucible, the water 
poured off as completely as possible, and the remainder removed by 
absorption with filter paper, after which the crucible is placed for a 
short time in an air-bath (or better still for several hours in a desiccator 
over sulphuric acid), dried, and weighed. 

This method must be used if the material under investigation 
contains notable quantities of mercury salts (chlorides, sulphates), as 
these latter volatilise partially undecomposed, if the otherwise satis- 
factory Eschka method be employed. Fahl ores containing mercury 
are distilled with their own weight of irofl turnings in glass retorts. 
With roasted ores an equal weight of litharge is mixed, in addition. 

The Eschka Gold Amalgamation Assay. 

This method has been especially worked out in Idria. A Meissen 
porcelain crucible is used in the assay, about 45 mm. deejj, upper 
diameter 48 mm., lower 22 mm., and of 50 c.c. capacity ; the edge must 
be true, and it must be provided with a 
well-fitting lid of gold (Fig. 51), weighing 
about -10 g., of the shape of the lid of a 
platinum crucible, but having a depth of 
from 6 to 8 mm. 

According to C. Winkler, a lid of pure 
silver may be used, but, in the case of a 
very small mercury deposit, this cannot be 
detected with certainty. 

Holloway uses a flat silver plate, and 
places a metal box, through which a stream 
of cold water is kept running, on the top 
of the plate. 

The amount of ore to be taken for the assay depends on the richness 
in mercury: with ores containing up to 1 per cent, 10 g. should be taken ; 
with* 1-5 to 10 per cent, of mercury, 5 g. ; with very rich ores, 0-5 to 2 g. 
suffice. The approximate value is ascertained by a preliminary assay, 
using I g. of material. The ore is mixed in the *y;ucible with half its 
weight of iron filings, which must be absolutely free from oily impurities, 
a 5- to 10-mm. layer of iron filings put on the top, and the weighed gold 




152 


METALS OTHER THAN IRON 


or silver lid placed in position and .carefully pressed tight on to the 
crucible edge by means of a smooth rfletal plate ; the lid is filled with 
distilled xater, and the crucible bottom is then heated for ten to fifteen 
minutes by means of a gas or spirit flame. Pufahl places the crucible 
in aia asbestos ring, which protects the upper part of the crucible and 
the lid from unnecessary heating. After cqpling, the lid is removed, the 
water poured away, the lid washed on both sides with alcohol, dried on 
svjvatch-glass over a hot water-bath for two or three minutes and 
weighed after a quarter of an hour* The mercury is subsequently 
removed by heating the lid carefully over a small Bunsen flame, in a 
draught cupboard: 

If too much ore be taken, the correspondingly large quantity of 
mercury deposited on the lid requires very careful washing. In such 
cases also the lid is affected by the excessive amount of mercury, and 
after volatilisation of the deposit, the surface remains rough and" no 
longer fits accurately on the crucible ; a preliminary assay should, there- 
fore, always be made, if the mercury content of the ore is quite unknown. 

Small losses of merciny, during the progress of the assay, are 
unavoidable. Balling states that in Idria the following corrections are 
added : — 


Ore Value. 

Correction. 

Hg per cent. 

Per cent. 

Up to 0*4 

0-04 

0-4 to 0'7 

0-06 

07 „ 1 

0*08 

1 „ 3 

0*15 

3 „ 5 

0*20 

5 „ 10 

0*25 

10 „ 20 

0*35 

20 „ 30 

0*45 

30 and over 

0*50 


Bituminous ores, when decomposed by means of iron only, give 
tarry distillation products, which collect with the mercury and cannot 
be removed by merely washing. If red lead is added (Eschka), complete 
combustion of the bitumen is effected, but there is, r at the same time, a 
slight volatilisation of lead, and also a superficial oxidation of the 
mercury. 

To overcome this difficulty, the following modification of the Eschka 
process is employed in Idria i 1 — Rich and medium ores are mixed with 
well-ignited hammer-scale, which has been passed through a fine sjeve ; 
above this is placed a layer of hammer-scale, and, on top of all, oxide of 
zinc. Poorer ores aye mixed with ignited barium carbonate, and the 
mixture is covered~with hammer-scale and zinc oxide. 

1 Kroupa, Berg. u. Hiitten* Zeit , 1890, 49, 150. 
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For poor ores the weight taken, is io g., for richer ores 2 g. } for fume 
05 g. ; 10 g. of hammer-scale are*mixed in with a glass rod, the mixture 
is covered with 10 g. of hammer-scale, and above this is adcjed about 
3 g. of zinc oxide. 

R. Biewend 1 has considerably improved the Eschka assay. ^ He 
advises that no more material shall be taken than will produce o-2 g. of 
mercury. Instead of iron he uses copper filings ; to aid in keeping 
back the heat from the gold amalgam, he recommends covering tj^r 
mixture with calcined magnesi^ The separation of the mercury is 
effected in two stages. The greater part is distilled off at the lowest 
possible temperature, then, after cooling, a second lid is put on and the 
crucible is heated to redness. To protect the lid from the heat of the 
flame, the crucible is placed in a hole cut in asbestos, as recommended 
by Pufahl. Biewend found that the loss, even in the case of pure 
cinnabar, did not exceed 0*2 per cent. 

C. Ehrmann and J. Slaus-Kantschieder 2 have found that the Eschka 
method is not suited to pyritic ores. They assayed Dalmatian ores of 
this character by heating in a current of chlorine. 3 

Amalgams. 

The mercury in gold and silver amalgams is usually determined by 
distillation from glass or iron retorts, the gold or silver being subse- 
quently cupelled and weighed, and the mercury ascertained by 
difference. 

Copper amalgams, etc., used in dentistry are heated in a porcelain 
boat in a combustion tube in a current of hydrogen. About 1 g. of 
material is used, the tube is heated quite gradually to a red heat, and 
the mercury determined by loss. 

A similar method is employed for white metals containing mercury 
(anti-friction metals). 

Electrolytic Methods of Estimation. 

Several of these methods have been introduced in practice. 

De Escosura 4 heats 0*5 g. of finely powdered ore in a porcelain <$ish 
with 10 to 15 c.c. of hydrochloric acid and 20 c.c. of water, 0-5 to 1 g. of 
potassium chlorate is added, a little at a time, and the heating continued 
until the cinnabar is completely dissolved ; 50 c.c. of water are then 
added, and the free chlorine boiled off. Selenium and tellurium are 
precipitated by adding 20 c.c. of a saturated solution of ammonium 
sulphite and boiling for a few minutes ; after standing for half an hour, 

1 Berg. u. Hut ten. Zeit 1 902, 6x, 441 ; Chem. Zeit ., 1903^ 27, 400. 

2 Chem . Zeit., 1902, 26, 201 ; J. Soc . Chem. Ind 1902, 21^ 501. 

3 Fresenius, Quantitative Analysis , 7th edition, vol. ii., p. 384. 

4 Berg. u. Hiitten . Zeit ., 1886, 45 > 329 ; J Chem . Soc. Abstr ., 1886, 50, 650. 
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the precipitate is filtered off and washed until the filtrate amounts to 
about 200 c.c. The filtrate is electrolysed for twenty to thirty hours, 
using twe Bunsen cells, a cathode of gold foil, and an anode of platinum 
foil ; after the electrolysis is completed, the cathode is washed with 
alcohol, dried, and weighed. A number of assays can, of course, be 
carried out simultaneously by this method* 

According to a more recent method of de Escosura’s, the ore may 
"fes- electrolysed without previous solution: o-2 g. of io percent ore is 
treated cold in a platinum dish with w c.c. of hydrochloric acid, 90 c.c. 
of water, and 20 c.c. of a cold, saturated solution of ammonium sulphite. 
The dish serves as the anode, and a piece of gold foil is used as the 
cathode. 

This method is a modification of that due to Classen, 1 who treats 
the ores with water acidified with hydrochloric acid, or with a lo # per 
cent solution of common salt, and adds ammonium oxalate. The 
mercury is then deposited on a matte platinum cathode placed in the 
solution. # 

According to Classen, 0 about 0*3 g. of mercury can be deposited 
completely from the ammonium oxalate solution at ordinary tempera- 
tures, in from two to three hours, with an E.M.F. of 4 to 4-75 volts and 
a current density of 0-93 to 1-02 amperes per xoo sq. cm. of cathode 
surface. 

Edgar F. Smith deposits the mercury from a potassium cyanide 
solution. To the oxidised solution containing about 0*2 g. of mercury, 
about 0-25 to 2 g. of potassium cyanide are added, the solution diluted 
to 175 c.c. with water, and electrolysed. According to Classen, the 
current density to be employed in this case is 0*03 to 0*08 amptre per 
100 sq. cm., and the E.M.F. 1-65 to 1-75 volts. 

Brand 2 adds a slight excess of sodium pyrophosphate to the oxidised 
solution, dissolves the precipitate in aqueous ammonia or ammonium 
carbonate, and electrolyses with a current capable of producing 2 c.c. 
of electrolytic gas per minute ; 1 g. of mercury can be deposited in five 
or six hours. 

^Rising and Lenker 8 dissolve cinnabar in a strong solution of hydro- 
bromic acid, neutralise with sodium hydroxide, add potassium cyanide 
to the diluted solution (see E. F. Smith's method), and deposit the 
mercury on a platinum cathode by a very weak current 

Mercury may also be determined electrolytically by the use of a 
rotating anode with or without a mercury cathode 4 (cf. Copper, pp. 167, 1G8), 
With the rotating anode only, the whole of the metal in an electrolyte 

1 Quantitative Chemicq^ Analysis by Electrolysis , English translation by Boltwood, p. 203. 

2 Z . angew. Chem 1891, 4, 202 ; J Chem . Soc. Abstr 1890, 58, 294. 

J Amer . Chem. Soc., 1896, 18, 96. 

4 Cf. Electro-analysis , E. F. Smith, 1908. 
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containing 0*5 g. of mercury, as mercurous nitrate, and I c.c. of nitric 
acid, made up to 1 1 5 c.c., may*be deposited in ten minutes with a 
current of 7 amperes at 7 volts, the anode rotating 700 times par minute. 

According to M. Perkin, 1 the determination of mercury electro- 
lytically with a gold cathode, or with a rotating silver electrode, gives 
high results, and he considers that the best results are obtained with a 
rotating anode and a mercury cathode. 

Examination of Mercury for Impurities. 

If mercury, freed from fatty matter and dust by means of hot 
sodium hydroxide, does not exhibit a bright, convex surface, but fouls 
glass, and if about 1 c.c., shaken round in a large porcelain dish, leaves 
a tail of metal and shows dark-coloured streaks, it contains foreign 
metals, such as tin, lead, zinc, copper, bismuth, and cadmium. 

To examine for such impurities about 20 g. are distilled in a glass 
retort until only about 1 g. remains, and the residue examined. After 
dissolving in hot nitric acid of sp. gr. 1-2, any meta-stannic acid is 
filtered off, after addition of water, the filtrate evaporated down with 
sulphuric acid to precipitate lead, and mercury, copper, and bismuth 
precipitated in the filtrate from the lead with sulphuretted hydrogen. 
Hot nitric acid dissolves the copper and bismuth from this precipitate ; 
the presence of copper is shown by the blue colour obtained on the 
addition of excess of ammonia, and bismuth by the white precipitate of 
basic nitrate, obtained by boiling down the solution and then diluting 
with water. Zinc, cadmium, and iron can be detected in the filtrate 
from the precipitate obtained with sulphuretted hydrogen. 

A Tnethod for the complete quantitative examination of mercury 
has been worked out by Fresenius. 2 

The Purification of Mercury. 

Mechanical impurities, such as dust, grease, etc., may be removed 
by allowing the mercury to trickle into a tall cylinder, filled with a hot 
dilute solution of sodium hydroxide. After washing with water it is 
dried by means of ^ towel in a large porcelain dish and poured through 
a perforated filter paper until only about 1 c.c. remains behind. If the 
impurities consist of dissolved metals (lead, zinc, copper, tin, etc.), the 
purification may be effected chemically, by treating with acids, etc. 

Thorough shaking of impure mercury with a nitric acid solution of 
mercurous nitrate dissolves the foreign metals ; a mixture of chromic 
acid*and sulphuric acid is also satisfactory as a purifying agent. 

The following method, due to R. Finkener, as modified by Ulex, is 
especially satisfactory : — About 5 kg. of impure nifcrcury are thoroughly 

1 Faraday Soc., 1909-10, 5, 45 ; J, Soc . Chem. Ind, 1 , 1909, 28, 493. 

2 Quantitative Analysis , vol. ii., p. 379. 
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shaken in a strong, stoppered bottle of 2 litres capacity, with 250 c.c. of 
ordinary hydrochloric acid and 75 etc. of a concentrated solution of 
ferric chlpride. In the course of from three to six days, a subdivision 
of the mercury takes place into innumerable tiny globules, which are 
covered with a layer of mercurous chloride, and which, in consequence, 
do not run together. After treatment fo% several days, the contents of 
the bottle are washed into a large, strong porcelain dish of about 5 litres 
•^•napacity and washed four times with 2 litres of hot water, acidified with 
hydrochloric acid, to remove lead chloride, etc., the washing being 
accompanied by thorough agitation. The dish is then placed on a 
heated water-bath, and a concentrated hydrochloric acid solution of 
200 g. of fresh stannous chloride poured on to the mercury and the 
whole warmed and stirred, at the same time, with a porcelain spatula 
until the mercury has all run together ; the mercury is then washed in 
the dish with running water, dried with clean towels, and filtered through 
a perforated filter paper. 

The best method for freeing mercury from foreign metals is by 
distillation, the surface befog covered with iron filings. The distillation 
is often carried out in vacuo; many forms of apparatus have been 
described for this purpose. 1 


COPPER 

Wet methods are almost exclusively employed in the assaying of 
cupreous materials such as ores, raw materials, the metal and its alloys. 
The dry methods are tedious and lengthy, and at the same time wanting 
in accuracy ; reliable results are only obtainable in the assaying-of ores 
containing native copper, as in the case of the products dealt with at 
the smelting works of Lake Superior. 2 Both in England and in America 
the dry assay is occasionally taken as a basis for sales ; in Germany the 
wet methods only are recognised. 

The Cornish Dry Assay should be considered as an adaptation of 
metallurgical processes on a very small scale, to determine the amount 
of copper the smelter may expect to extract, and also to indicate any 
special difficulties that are likely to be met with in the refining of the 
metal extracted, rather than as a method for the exact determination of 
the copper contents. The principal stages in this assay consist of — (1) 
the concentration of the copper in a regulus by fusion with suitable 
fluxes in a crucible; (2) the roasting of the regulus with a view to 
converting the sulphides into oxides ; (3) the reduction of the copper 
oxide by fusion with suitable fluxes and reducing agents to obtain 

1 Cf Hulett, Z. physikfchem., 1900, 33, 611 ; J. Soc. Chem. Ind., 1900, 19, 128. 

2 Cf.“ Fire-Assay for Copper,” G. L. Heath,/ Amtr. Chem. Soc, 1902, 24, 699 ; T. Chem. Soc. 
Absir., 1902,82,698. 
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crude copper ; and (4) the refining of the copper obtained. Low results 
are invariably obtained by this* method, the margin being generally 
from I to 5 per cent, as compared with the wet assay. 

There are many different methods of wet assay, gravimetric, volu- 
metric, and colorimetric. Naturally, the method adopted will degpnd 
on the character of the material, the time required, and the accuracy 
demanded ; also ores, intermediate and final products are assayed by 
very varying methods. ^ 

The materials requiring to be assayed include the following : — 

Copper Ores. 


Ores. 

Composition. 

Copper content. 

Native Copper , usually of a high degree of 
purity, occurring in large masses in the 
neighbourhood of Lake Superior, and in 
New Mexico and Chili. 



* 

Oxide Ores : — 

Ruby copper ore (cuprite) 

Malachite ....... 

Azurite 

Chrysocolla 

Atacamite ...... 

Phosphates, Arsenates, and Sulphates are 
also frequently met with. 

• 

Cu 2 0 

CuC0 3 , Cu(0H) 2 . 

2CuCO s , Cu(OH) 2 . 
a hydrated silicate . « 

CuCl 2 , 3Cu(OH) 2 . 

Per cent. 

88*8 

57*4 

55*2 

35 to 40 

59*4 

Sulphide Ores : — 

Copper pyrites 

Erubescite (bornite) 

Copper glance ...... 

Indigo copper 

Enaagite ....... 

CuFeS 2 .... 
approximately Cu 3 FeS 3 
! Cu 2 S ..... 

CuS 

4CuS, Cu 2 S, As 2 S 3 . . 

• 

34*6 

42 to 70 

79*9 

65*5 

48*4 

Fahl ores 

Sulpho-salts with As 2 S 3 and 
Sb 2 S 3 as sulpho-acids, and 
Cu 2 S, Ag 2 S, FeS, ZnS, 
HgS as sulpho-bases. 



The arsenical fahl ores are rich in copper and poor in silver, whilst 
the antimonial fahl ores frequently contain a high percentage of silver ; 
the copper content *varies from 15 to 43 per cent., silver o to 35 J>er 
cent, mercury o to 1 8 per cent. 

The chief source of copper is copper pyrites which occurs frequently 
in conjunction with lead and zinc ores, iron pyrites, stibnite, mispickel, 
etc. 

Copper Matte (low grade and high grade). — This often requires to 
be assayed both in works and commercial laboratories. Copper mattes 
are complex mixtures of sulphides, and besides copper, silver, iron, lead, 
and zinc, they often contain small quantities of nickel, cobalt, tin, 
arsenic, antimony, etc. ; in technical laboratories, as a rule, only the 




158 


METALS OTHER THAN* IRON 


copper, lead, and silver require to He determined In its purtsst form 
copper matte approximates very closely to the formula Cu 2 S. 

Copper Speiss.— This contains copper, silver, iron, nickel, etc, com- 
bined chiefly with arsenic and antimony. 

popper Slags. — These, with the exception of refinery slags, are 
poor in copper. 

Black Copper (Blister Copper). — This is impure furnace copper, con- 
taining up to 95 per cent, copper, usually with silver and a little gold ; 
me other impurities consist of iron and sulphur, and usually lead, zinc, 
bismuth, nickel, arsenic, antimony, etc, in smaller or larger amounts. 

Cement Copper (copper precipitate) is the impure metal precipitated 
from solution by means of iron. 

Tough Copper. — This is refined marketable copper, and contains, 
as a rule, over 99 per cent, of copper, a little oxygen as cuprous oxide, 
frequently silver (up to 0*03 per cent.), minute quantities of the foreign 
metals found in blister copper, also traces of sulphur, and occasionally 
selenium and tellurium. 

Electrolytic Copper.-^This is almost chemically pure, but some- 
times contains traces of bismuth, antimony, or arsenic. 

Alloys of Copper contain very varying proportions of copper, tin, 
zinc, nickel, lead, etc. 

Copper residues, copper scale, sweepings, etc. 

Sulphate liquors and plating baths. 

Cupreous pyrites cinders (burnt pyrites). 

A. Gravimetric Methods of Analysis 

In these methods the copper is either precipitated electrolytically as 
metal, or is converted into the sulphide or thiocyanate ; the electrolytic 
method is the most widely used. 1 

Solution of the Material. 

Malachite, azurite, black oxide, phosphates and arsenates dissolve 
easily in either hot dilute sulphuric acid or in hydrochloric acid ; cuprite 
is dissolved by dilute nitric acid. Sulphide ores, sudh as copper pyrites, 
bornite, copper glance, indigo copper, enargite, fahl ores, etc., and 
copper matte are very finely ground and heated with strong nitric acid, 
tartaric acid being added with fahl ores ; or aqua regia (one volume nitric 
acid to two volumes hydrochloric acid) may be used. After all action has 
ceased, it is usual to add an excess of concentrated sulphuric acid and 
boil on the sand-bath until sulphuric acid fumes begin to be evolved. 

Copper silicates apd slags are decomposed by long-continued boiling 

1 The Swedish Assay, as modified by Kerl, is described in the German Edition, vol. ii. } pp. 
599-602. 
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with 50 per cent, sulphuric acid and' a little nitric acid, or, more rapidly, 
by warming with dilute sulphuric acid and potassium fluoride in a 
platinum dish, followed by ignition, to decompose the fluorides. 

Copper slags which have been properly chilled on taking tHe sample 
and crushed to pass a 100-mesh sieve, are completely soluble in dilute 
hydrochloric acid when the proportion of silica is below 40 per cent. 
Slag is, therefore, sampled af the furnace by dipping a small iron rod 
into it, and plunging the rod immediately into a bucket of water, or by 
catching some of the slag in an iron ladle and pouring it into water^ 
To obtain a hydrochloric acid sortition of these slags, boiling water is 
added to the weighed sample contained in a beaker and the whole 
stirred vigorously during the addition of the necessary hydrochloric 
acid in order to keep the slag in suspension. The stirring must be 
continued until there is no danger of gelatinised slag adhering to the 
bottom of the beaker; the solution should then be boiled for a few 
minutes (Bannister). 

Blister copper and tough copper are dissolved in nitric acid ; sweep- 
ings, etc., are treated as above with nitric aci<jj or with aqua regia, after 
the organic matter has been burnt off. Copper alloys are dissolved 
or decomposed by nitric acid. 

I. The Electrolytic Determination of Copper . 1 

In, 1S67 a prize was offered by the Mansfeld Ober-Berg. und 
Hiittendirection for a rapid and at the same time accurate method of 
determining copper in ores and furnace products, which was awarded to 
C. Luckow for his electrolytic method of estimation. 2 At the time of 
its introduction, it gave an impetus to the study of other electrolytic 
methods of analysis ; it is still to be regarded as the best method for 
the determination of copper. 

Luckow’s method and the various modifications that have been 
subsequently proposed, depend on the quantitative precipitation of 
copper, as a coherent and pure metallic deposit, on a weighed platinum 
apparatus having the form of a cylinder, cone, dish, or crucible. 

1 An account of the methods for the electrolytic determination of copper is given in the 

following works on electrolyse analysis : — * 

Qucmtitative A?ialyse durch Electrolyse , A. Classen, 5th edition, 1908, 

Quantitative Chemical Analysis by Electrolysis , A. Classen, translated by B. Boltyvood, from 
the 4th German Edition, 1903. 

The Theory and Practice of Electrolytic Methods of Analysis , B. Neumann, translated by J. B. 

C. Kershaw, 1898. 

Practical Methods of Electro-Chemistry, F. M. Perkin, 1905. * 

Electro- Analysis, E. F. Smith, 1908. 

Analyse des Mttaux par Electrolyse, A. Hollard and L. Bertiaux, 1906. 

The bibliography of the subject is given in the report of the British%Association Committee on 
“Quantitative Analysis by means of Electrolysis,” British Association Reports, 1895, p. 254. 

2 Z . anal. Chem 1869, 8,-23. 
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The chief methods of electrolytic deposition of the metal* that are 
of practical importance and universally employed are those from acid 
nitrate or sulphate solutions. 

The current required for the deposition can be obtained from 
galvanic elements, thermopiles or accumulators ; the last are generally 
used when many electrolytic determinations have to be carried out 
daily, and are undoubtedly the most advantageous source of supply. 

5 -;§everal methods have also been described for the adaptation of the 
electric light current for this work. 

If ordinary galvanic cells are used for the electrolysis, Bunsen, 
Grove, Daniel!, or Meidinger cells can be employed. With two Bunsen 
cells, 20 cm. in height, four determinations, from solutions each con- 
taining from 0*5 g. to i-o g. of copper, can be carried out simultaneously 
in from six to eight hours, provided the solutions are of approximately 
the same copper content and contain about equal amounts of* free 
nitric acid. 

In all cases both an ammeter and a voltmeter should be inserted 
in the circuit to determine the current and the E.M.F. respectively, 

and adjustable resistances 
should be employed for the 
regulation of the current 
The arrangement of the 
circuits with these neces- 
sary adjuncts has been 
described by Classen, 1 
Neumann, 1 Perkin, 1 E. F. 
Smith. 1 Nissensgn and 
Rust, 2 H. Marshall, 3 G A. 
Kohn, 4 and others. 

Platinum Apparatus 
and Stands. — Of the 
various forms of electrodes, 
those, as first used at the 
Mansfeld works, consist of 
a platinum foil cylindrical 
cathode, and a platinum 
wire anode, for small quan- 
tities of copper ; for larger 
quantities of copper, a large 
truncated cone (Fig. 52) is employed as cathode, with a positive elec- 
trode of the form shown in Fig. 53. Figs. 54 and 55 illustrate the 
arrangement of the ^electrodes. 

1 Cf. Literature, p. 159. */. Soc. Ckem. Ind. } 1900, 19, 992. 

2 Z. anal. Chem., 1893, 32, 429. 4 British Association Reports, 1896, p. 247. 
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Electrodes are also employed having the form of dishes, cups, 
cylinders, or spirals. • 



Both electrodes may be attached to an arm, which is divided at the 
middle by an insulating piece of vulcanite, or* which consists of a thick 
glass rod. 



Using cylinder or cone cathodes, the electrolysis can be carried out 
in presence of insoluble material, such as gangue, etc., which remains at 
the bottom of the Containing vessel ; 
such cathodes are, therefore, especially 
suitable for the deposition of copper 
from the unfiltered solution obtained 
by boiling down the sample of ore 
with nitric acid and sulphuric acid, 
followed by treatment of the residue 

. J Fig. 56. 

with water. 

Classen's platinum, dish cathode, Fig. 56, is stamped or hammered 
from platinum foil containing about 10 per cent, of iridium. It weighs 
II L 
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about 35 g., is 9 cm. in diameter, 4-2 cm. deep, and has a capacity of 
250 c.c. The anode, Fig. 5 7, consists of a perforated platinum disc, 
4‘S cm - in diameter, attached to a stout platinum 
wire. For the deposition of lead, as peroxide, a 
dish is employed which is roughened internally by 
sand blasting, as the lead peroxide adheres better 
to the roughened surface. 

The dish, when in use, rests on three platinum 
contact points on The metal ring, shown in Fig. 58, 
and the anode is clipped at e in the upper support 
by means of a screw. The ring and support are 
capable of being adjusted on the thick glass stem G 
of the stand ; n and p are the terminals. This 
Fig. 57. arrangement allows of the contents of the dish being 

warmed by means of a small Bunsen flame, pfaced 
underneath , a piece of thin asbestos sheet, supported about 1 cm. 
below the dish, ensures equalisation of the heating. 

Losses of liquid through spitting, due to the ascending gas bubbles, 
when using the cylindrical ° ’ 




watch-glass, the edges being notched, by means of a small round file 
and turpentine, so as to take the wires of the cathode and anode. 
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Von Klobukow’s “ universal” stand (Fig. 59) is a great convenience > 
when working with a platinum cHsh. 

R. Finkener’s apparatus (Fig. 60) consists of a platinum crucible, 
weighing 60 to 70 g., and having a depth of 65 mm. with a maximum 
diameter of 60 mm. and a capacity of 1 50 c.c., provided with a watch- 
glass, perforated at the cer^re, a platinum spiral anode (or a piece of 
platinum foil with wire attached) and the necessary stand. The illustra- 
tion shows the whole arrangement for the simultaneous carrying out of 



four depositions, viz., a two-cell accumulator, a German-silver 5 -ohm. 
resistance, a stand of the form used by Pufahl, with a slate slab and 
gilded copper strips. 

An improved form of stand has been devised by H. Marshall, 1 in 
which the conducting wires are attached to fixed terminal binding 
screws on a slate base ; the terminals are in direct connection with 
separate parts of the supporting rod bearing the electrode arms. 

The Electrolysis. — If other metals besides copper be present, the 
nitrate solution should not contain more than 10 per cent, of free nitric 
acid of sp. gr. 1*2 ; for pure copper solutions 3 per cent, suffices. 
Sulphate solutions should contain preferably from 3 to 5 per cent, of 
free sulphuric acid and 0-5 per cent, of free nitric acid of sp. gr. 1*2. If 
free nitric acid be not present, the copper is likely to be deposited in a 
spongy form, in which case it does not adhere satisfactorily to the cone, 
dish, or crucible; and loss consequently occurs on washing. 

In analysing most copper alloys, after separation of tin and evapora- 
tion of the nitrate solution with sulphuric acid to precipitate lead, a 
sulphate solution is obtained, which is suitable not merely for the 
deposition of the copper, but also for the subsequent separation of the 
1 J, Soc. Chenu Ind , ,, 1898 , 17, 227 . 
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zinc or nickel. In such cases a large excess of nitric acid fhust be 
avoided, as this is converted, to a considerable extent, into ammonium 
nitrate, during the electrolysis. This salt interferes with the precipi- 
tation of nickel from the solution containing excess of ammonia, and 
also- hinders the quantitative precipitation of zinc by sulphuretted 
hydrogen from the neutralised and diluted ^solution. 

Gentle warming of copper solutions to about 30° aids the deposition 
>ery considerably. 

The distance of the electrodes frojm each other should be 5 mm. in 
the case of weak solutions, and 10 mm. in the case of stronger solutions. 

Using a current of from 1 to 1*5 amperes per 100 sq. cm. of cathode 
surface, and an E.M.F. of from 2-2 to 27 volts, the complete deposition 
of 1 g. of copper should occupy from six to seven hours ; with a weaker 
current the deposition is correspondingly slower. A test must always 
be made after the electrolysis, to ascertain whether the deposition is 
complete. To do this, the solution in the beaker, dish, or crucible, as the 
case may be, is diluted by the addition of 10 to 20 c.c. of water, and the 
electrolysis continued for a further thirty to sixty minutes. If, during 
this time, no sign of copper is observable on that part of the cathode 
not previously covered by the liquid, the deposition may be considered 
complete, although traces of copper may still be present in solution. 
If the first test showed the electrolysis to be unfinished, this testing 
operation must be repeated ; finally, several cubic centimetres of the 
liquid are removed with a pipette, and treated with sulphuretted 
hydrogen water in a test tube ; there should be no brown coloration. 

After complete' deposition of the copper, the acid liquid is removed 
by means of a syphon and replaced with pure water until litmijs paper 
ndicates only a faintly acid reaction. The current is then switched off 
and the apparatus disconnected. 

The cone or the cylinder is quickly immersed in a large beaker of 
water, then removed and given a second washing, placed on a filter 
paper for a minute or so to drain, and then dipped into a beaker of 
absolute alcohol and allowed to drain again on filter paper. The 
electrode is then dried by holding it for a minute or two in the warm 
air over a hot-plate or dish, allowed to stand for twenty to thirty 
minutes, and weighed. The electrode may be cleaned and made ready 
for another determination by immersing it in strong nitric acid. The 
weights of the cathodes should be checked periodically — say, once a 
fortnight. 

If a dish is used as the cathode, it is removed from the stand, 
quickly washed three times successively with 10 to 20 c.c. of water, then 
once with 10 c.c. of absolute alcohol, and dried in an air-bath at 90° or on 
a water-bath. If the apparatus is rapidly disconnected in, say, a quarter 
of a minute, the syphoning off of the liquid referred to above and the 
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accompanying dilution may be dispensed with, for not more than a 
few tenths of a milligram of copper will dissolve in so short a time. 
This method of procedure is especially applicable when crucibles are 
used. The great advantage gained is that succeeding operations, such 
as the electrolytic separation of nickel, for example, can be effected 
without the necessity of first evaporating down the diluted solutions. 
The crucible is washed in the same way as the dish, dried, and weighed 
after standing half an hour; any liquid remaining on the anode is 
washed off and added to the main bulk. Previous to the electrolysis, 
cylinders and cones must be handled by the wire only, dishes and 
crucibles on the outside only, as otherwise any greasy matter from the 
skin may prevent the deposition of the copper on the parts touched. 

Influence of other Metals and Non-Metals on the Deposition of 
the Copper. — Zinc , Nickel \ Cobalt , and small quantities of Iron in the 
copper solution do not interfere ; if much iron be present, the ferric 
salts, already in solution or formed during electrolysis, exert a solvent 
action on the deposited copper. In this case the solution must be con- 
siderably diluted, and an increased current density must be employed 
for the electrolysis ; it is better, however, to first precipitate the copper 
with sulphuretted hydrogen or sodium thiosulphate from a sulphate 
solution, treat the copper sulphide with nitric acid until the separated 
sulphur is pure yellow, filter, and electrolyse the resulting copper solution. 

Lead is usually removed as sulphate. Should it be present in the 
nitrate solution, it will be deposited, on electrolysis, on the anode, as 
the dark brown hydrated peroxide. If much lead be present, a 
roughened platinum dish is used as anode, and the copper is deposited 
on the* platinum disc. In presence of sulphuric acid, some of this is 
retained by the lead peroxide. 

Manganese is not deposited from solutions containing more than 3 
per cent, of nitric acid, but gives only the violet coloration due to 
permanganic acid ; from sulphate solutions it is precipitated as the dark 
brown hydrated peroxide, which only partially adheres to the anode 
and mainly floats in the liquid as a flocculent precipitate. 

Mercury is deposited with the copper and is best removed by ignite * 
ing or roasting the ore sample, etc., previous to solution. 

Silver and Bismuth are also deposited with the copper, the former 
partially as peroxide on the anode. The silver is precipitated from the 
solution by adding the exact amount of sodium chloride solution 
necessary, the silver chloride being filtered off before electrolysing. 
The silver, however, remains as chloride with the insoluble matter on 
the filter paper, if the ore be first treated with aqua regia and then with 
sulphuric acid. Bismuth is subsequently determined in the deposited 
copper, by the method described* on p. 199, and its amount deducted 
from that of the copper found. 
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Thi and practically the whole of the Antimony are removed in the 
initial treatment of the sample with nitric acid. Any tin that remains 
in solution forms a grey film after the copper has deposited. Antimony 
and Arsenic deposit to a slight extent with the copper, but the greater 
portion comes down as a black coating on the copper, after this is all 
deposited. Traces of arsenic and antimony produce peculiar black 
comma-like vertical streaks on the copper, and if much arsenic and 
antimony be present, they float as a black flocculent precipitate in the 
liquid. r 

When the deposited copper contains arsenic or antimony, or both, it 
is dissolved in nitric acid, the solution evaporated down to small bulk, so 
as to remove the excess of acid, diluted with water, excess of ammonia 
added, and the solution titrated with potassium cyanide (cf. p. 173). But, 
as the presence of much arsenic or antimony gives rise to high results in 
this case, it is better to remove them beforehand. This may be done in 
various ways. Should arsenic only be present, then, according to A. Ii. 
Low, 2 c.c. of a solution of 2 g. of sulphur in 10 c.c. of bromine are added 
to the chloride solution, Much is then boiled, strong sulphuric acid 
added, and the whole evaporated to dryness. In presence of antimony, 
the fairly concentrated chloride solution is, according to Heath, 1 
evaporated to a syrupy consistency with the solution of sulphur in 
bromine, and after a further addition of 20 c.c. of pure bromine, it is 
heated to nearly 300°, until antimonious bromide ceases to be given off. 
This method is particularly suitable for very impure blister-copper. 

Arsenical and antimonial ores, copper speisses, etc., are very finely 
powdered and fused, in a covered porcelain crucible over a small 
Bunsen flame, with six times their weight of a mixture of eqiw.1 parts 
of sulphur and anhydrous sodium carbonate, or six times their weight 
of anhydrous sodium thiosulphate ; the heating is continued so long as 
sulphur is given off, the cooled melt extracted with boiling water, the 
residue washed with well-boiled hot water, containing a little ammonium 
sulphide, and then warmed with nitric acid, evaporated down with 
sulphuric acid, and so on. 

^Arsenic, antimony, and tin may also be separated from the impure 
copper sulphide precipitate by digestion with yellow sodium sulphide 
solution. 

The treatment of ores, mattes, etc., with pure and dry chlorine in a 
bulb, 2 whereby sulphur, arsenic, antimony, tin, selenium, iron, bismuth, 
and some zinc and iron are volatilised as chlorides, is seldom carried 
out in practice, as usually only individual estimations are required, and 
not complete analyses of the materials. 

Use of Rotating* Electrodes for the rapid Electrolytic Deposition 

1 Chem . Zeit. Rep. } 1898, 22, 9. „ 

2 Cf % Fresenius, Quantitative Analysis , 7th edition, voL ii., p. 384. 
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of Copper . 1 — Many methods have recently been devised for the rapid 
determination of copper by the use of strong currents, high voltage, and 
hot solutions, in conjunction with rapidly revolving electrodes, in order to 
obtain compact and adhesive deposits of the metal. In some cases the 
cathode is made to revolve, and in others the anode. When the latter 
method is used, the anode flaay consist either of a spiral wire arranged 
as shown in Fig. 6 1, or of a small dish, 7 cm. in diameter and 3 cm. 
deep, containing slits perpendicular to the edge and a circular opening 
in the bottom (Fig. 62) ; by this arrangement free circulation of the 
liquid is insured 

During the deposition of copper in a platinum dish cathode, the 
anode is made to revolve at a speed of from 600 to 700 revolutions per 




minute. A much more concentrated copper solution may be used than 
under the ordinary conditions of electrolysis, and it can be heated to 
near the boiling point The electrolyte may consist of slightly acid 
sulphuric or nitric acid solutions, or of an ammoniacal or alkaline cyanide 
solution. In the acid solutions there should be about 1 c.c. of free 
sulphuric acid (1 : 10), or 0*5 c.c. of free nitric acid (1 : 1). 

With sulphuric ^cid solutions, containing about 0-5 g. of copper 
diluted to 125 c.c., and heated nearly to boiling, the copper is deposited 
in about five minutes with a current of 10 to 15 amperes at a pressure 
of 8 volts. 

For the determination of copper in pyrites, etc., it is often convenient 
to use an ammoniacal solution, and the following method may be 
adopted. The finely divided ore is decomposed with nitric acid, the 

1 Cf. Electro- Analysis, E. F. Smith, 1908, pp. 72 et seq. ; Electro-analytische Schnellmethoden , 
A. Fischer, 1908 ; T. Slater JPrice, J. Soc, Cherry Ind., 1^09, 28, nq ; ti. J. S. Sand, Faraday 

^,,1909,5,159/ 
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solution evaporated to dryness, the residue moistened with a few drops 
of nitric acid and diluted with water; the resulting solution is then 
heated and filtered into a weighed platinum dish, where it is mixed 
with an excess of ammonium hydroxide. The iron present is thus 
precipitated as hydroxide, but may be left in the dish. The anode is 
put in motion and the solution electrolysed. The thorough agitation 
of the solution by the anode prevents any of the ferric hydroxide 
becoming attached to the deposited copper. In this case, with a dilution 
to 125 c.c., a current of 9 amperes, and a pressure of 8 volts, fifteen 
minutes are required for the deposition of about 0-5 g. of copper. 

Use of a Mercury Cathode with Rotating Anode, for the Electro- 
lytic Deposition of Copper . 1 — In this case a cup-shaped cell is used 

having a platinum wire fused through the 
bottom or the side near the bottom. Into 
this cup a layer of mercury is introduced 
sufficient to cover the platinum wire, and the 
whole is weighed. This cup is then placed on 
a* plate of sheet copper connected with the 
negative electrode of a battery, the outside 
part of the platinum wire being in direct 
contact with the copper ; by this means the 
mercury inside the cell becomes the cathode. 
The arrangement of the apparatus for an 
electrolytic deposition by this method is 
shown in Fig. 63. 

The sulphate solution of copper, acidified 
with a few drops of sulphuric acid,Js now 
introduced, and the revolving anode suspended 
from the rotator. The more concentrated the 
solution, the more rapidly will the copper be 
deposited, but the current should be continued several minutes after the 
solution becomes colourless, as the last traces of metal separate slowly. 
A current of about 5 amperes at a pressure of 6 volts should be used. 
When the metal has been completely deposited, the rotation of the 
anfode is stopped, the cell filled with water, which fe then syphoned off 
to the level of the anode and again filled up; this washing is continued 
until the wash water is free from acid. The wash water must always be 
tested for copper by means of sulphuretted hydrogen. The current is 
then interrupted and the amalgam thoroughly washed with water, then 
twice with absolute alcohol, and twice with ether. The cell containing 
the amalgam is then wiped dry on the outside, and, after the volatilisa- 
tion of the ether, placed in a desiccator and subsequently weighed. 

1 Cf. Electro- Analysis, E. F. Smith, 1908, pp. 77 et seq. / T. Slater Price, /. Soc. Chern. hid., 
1909, 28, 1 1 7* 
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2. Determination of Copper as Cuprous Sulphide (H. Rose). 1 

This method depends on the precipitation of the copper as sulphide 
from a warm, strongly acid solution of the sulphate or chloride by 
means of sulphuretted hydrogen. The voluminous greenish black 
precipitate is washed with water containing sulphuretted hydrogen and 
a trace of sulphuric acid, dried, the filter paper incinerated in a Rose’s 
crucible, with subsequent addition of the copper sulphide and a few deci- 
grams of sulphur, the whole gently and finally more strongly heated 
for twenty to thirty minutes in a current of pure dry hydrogen, allowed 
to cool in hydrogen, and the greyish black crystalline cuprous sulphide 
weighed; it contains 79-86 per cent, copper. 

Hampe states that the weight of the cuprous sulphide should not 
exceed 0*2 to 0-3 g., as larger quantities of cupric sulphide cannot be 
completely converted into cuprous sulphide. Pufahl has, however, 
ascertained that I g. of copper can be converted into pure cuprous 
sulphide, provided that it is sufficiently strongly heated in hydrogen. 

* The method is particularly suitable for* the separation of copper 
from solutions, which contain none of the metals precipitated by 
sulphuretted hydrogen from acid solutions (lead, bismuth, cadmium, 
arsenic, antimony, tin) ; also, it effects the separation of copper from 
zinc, nickel, cobalt, manganese, and iron. 

Any mercury and arsenic which may be contained in the precipitate 
are volatilised during the ignition in hydrogen. If much arssnic be 
present, repeated heating with sulphur is necessary. 

To carry out the determination, the dilute solution must be strongly 
acid, in-order to ensure that zinc shall not be precipitated ; 500 c.c. of 
the solution should contain preferably from 75 to 100 c.c. of free 
hydrochloric acid, or 10 c.c. of free sulphuric acid. The precipitation 
is effected in a covered beaker, which is kept warm, in a water-bath, at 
about 70°, and a rapid current of sulphuretted hydrogen is passed into 
the solution until the precipitation is complete. The precipitate is washed 
with very dilute sulphuretted hydrogen water, acidified with sulphuric 
acid ; any hydrochloric acid remaining in the precipitate may cause a loss^ 
of copper, through volatilisation as chloride, during the subsequent heatiifgT 

As the process is tedious and takes up a considerable amount of 
time, it is seldom used for technical purposes, volumetric methods 
being preferred. 

3. Precipitation of Copper with Sodium Thiosulphate. 

The use of an aqueous solution of sodium thiosulphate as a 
substitute for sulphuretted hydrogen in qualitative analysis was first 


1 Cf. H. Rose, Handbuah der analyiischen Chemie , 6th edition, by R. Finkener, p. 
Fresenius, Quantitative Analysis , 7th edition, vol. i., p. 257. 
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recommended by G. Vortmann 1 and. A. Orlowski, 2 and was subsequently 
introduced for the quantitative separation of copper by Vortmann and 
Orlowski* the copper being finally weighed as cuprous sulphide. 
Vortmann recommended its use also for the separation of copper from 
cadmium, which is not precipitated by sodium thiosulphate in acid 
solution. H. Nissenson and B. Neumann 3 *have modified and consider- 
ably simplified the method by converting the cupric sulphide into 
copper oxide by roasting in a porcelain crucible. 

The following is the proceduijp adopted by Nissenson and 
Neumann for the analysis of copper mattes and copper-lead mattes, 
which contain a considerable amount of iron and frequently zinc and 
arsenic, in addition to copper, lead, and sulphur. One gram of the 
finely powdered sample is dissolved by heating in an Erlenmeyer flask, 
on a sand-bath, with 7 to 10 c.c. of nitric acid of sp. gr. 1*4, and the 
solution, after addition of 10 c.c. of sulphuric acid, evaporated until 
white fumes of sulphuric acid are given off; the cooled residue is taken 
up with water, and silver precipitated by the addition of a few drops of 
hydrochloric acid. After thorough cooling, the lead sulphate, silica, and 
silver chloride are filtered off, washed with water containing I per cent, of 
sulphuric acid, and finally with distilled water. For the further treatment 
of the impure lead sulphate, cf. Lead, p. 222. The filtrate is boiled in a 
round-bottomed porcelain dish, with about 5 g. of sodium thiosulphate, 
until the copper sulphide settles well ; this is then filtered off, washed 
well with hot water, the filter with precipitate transferred to a 
sufficiently large porcelain crucible, dried on the sand-bath, and the 
whole then placed in a moderately hot muffle ; the temperature of the 
muffle must not be too high, as cupric oxide is partially converted into 
the suboxide at a high temperature. 4 The filter burns and the cupric 
sulphide is gradually converted into cupric oxide; any sulphate formed 
as an intermediate product loses its sulphuric acid completely on 
heating. After the first weighing, the crucible is again strongly heated 
in air, and this is repeated until a constant weight is attained. Any 
small quantities of tin, arsenic, and antimony, precipitated with the 
^CQjpper sulphide, are completely volatilised during the roasting in the 
muffle. The results obtained by Nissenson ancf Neumann, by this 
modified process, agree extremely well with those obtained by electro- 
deposition. 

Tin and antimony, if present in the sample, are for the most part 
precipitated during the boiling with nitric acid, and are found in the 
lead sulphate; any* portion of these metals that goes into solution is 

1 Z. anal Chenz., i88r, 20, 416. 

2 /did., 1882, 21, 215 ; /. Chem. Soc . Abstr., 1882, 42, 1232. 

8 Chem. Zeit , 1895, 19, 1 591, 1592 ; J. Chem. Soc. Abg/r., 1896, 70, 45a 

4 Cf. Bailey and Hopkins,/. Chem. Soc ti 189.0, 57, 269. 
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precipitated only to a small extent with the copper sulphide obtained 
by a not too lengthy boiling, and this volatilises with the arsenic, on 
heating in the muffle. 

4. Precipitation of Copper as Thiocyanate [Cu 2 (CNS) 2 ] 
(Rivot’s Method). 

An aqueous solution of potassium or ammonium thiocyanate gives, 
with neutral or nearly neutral solutions of cuprous salts, a white 
precipitate with a tinge of violet, pf cuprous thiocyanate ; in the course 
of several hours the precipitation is complete. Zinc, cadmium, iron, 
nickel, cobalt, bismuth, tin, arsenic, and antimony are not precipitated, 
a circumstance which led Hampe 1 to introduce the method for the 
analysis of commercial copper. The cuprous thiocyanate is somewhat 
soluble in an excess of the precipitant, but only very slightly soluble 
in pure water. 

To carry out the determination, the acid nitrate or sulphate solution 
of ore, furnace product, or alloy (brass, tombac, German silver, etc.), 
from which the lead and silver have been* previously separated, is 
neutralised with sufficient sodium hydroxide to produce a permanent 
precipitate, and is then warmed to about 40° with a saturated aqueous 
solution of sulphur dioxide (30 to 50 c.c. per 0*5 g. of copper). Precipi- 
tation is then effected by the gradual addition of a solution of potassium 
thiocyanate of known strength. >One cubic centimetre of a solution 
containing 76*5 g. potassium thiocyanate per litre will precipitate 0-05 g. 
of copper. Since cuprous thiocyanate is soluble to a certain extent in 
an excess of the precipitant, care must be taken to use the least possible 
excess. % After standing for about four hours, the precipitate is collected 
on a good filter paper and washed with no more water than is absolutely 
necessary. If the filter paper has been previously dried at 10 o° to 105° 
and weighed, the weight of the copper thiocyanate can be ascertained 
after drying for four hours in an air-bath at loo° to 105° It saves time, 
however, to convert the thiocyanate into cuprous sulphide. To effect 
this the filter and precipitate are dried rapidly, the filter burnt in a 
Rose's crucible, and the thiocyanate added and ignited ; after coolings 
an equal volume of sulphur is added, the whole gradually heated to 
redness in a current of hydrogen, then kept at a red heat for fifteen 
minutes, allowed to cool in hydrogen, and weighed. 

In presence of much iron (as, for example, in the solution from 
copper pyrites), a blood-red coloration is at first produced on the 
addition of the thiocyanate; this gradually disappears through the 
action of the sulphur dioxide. 

The metals mentioned above may be determined in the filtrate by 
first evaporating down, decomposing the slight excess of thiocyanate 
1 Chem . ZeiU % 1893, 17, 1691 ; J Soc, Chem. 1894, 1 3, 421. 
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by heating with nitric acid, and then following the usual analytical 
methods. Zinc, for instance, in the ctaalysis of brass, is precipitated by 
adding excess of a dilute solution of sodium carbonate and boiling, the 
zinc being separated as basic carbonate. 

% Nickel and cobalt are precipitated by sodium hydroxide, boiled with 
addition of bromine water, and converted into the sesquioxides, which 
are washed for a short time, then dissolved in hot dilute sulphuric acid, 
with addition of aqueous sulphurous acid, the solution evaporated some- 
what and treated with ammonia; th^ metals are then deposited electro- 
lytically in a dish or crucible, or on a cone. This method is also 
employed in the analysis of nickel coins which contain 75 per cent, of 
copper and 25 per cent of nickel. 

In the case of German silver (copper, zinc, nickel), the zinc, after 
evaporation with excess of sulphuric acid, is precipitated from the 
very dilute and very slightly acid solution (about 500 c.c.)"with 
sulphuretted hydrogen; after standing for twelve hours, the zinc 
sulphide is filtered off, washed with dilute sulphuretted hydrogen water 
containing a little ammonium sulphate, and dried ; the precipitate Is 
then heated with sulphur in a Rose’s crucible in a current of hydrogen 
and the zinc weighed as sulphide. The nickel and cobalt are deposited 
together electrolytically in the filtrate from the zinc sulphide precipitate. 

On account of the tardy quantitative precipitation of the thiocyanate 
and its appreciable solubility in water and in excess of potassium 
thiocyanate, this method is not so much used as the previously described 
gravimetric methods. 

5. Precipitation of Copper with Ammonium “Cupferrqn.” 
(Nitrosophenylhydroxylamine). 

O. Baudisch 1 has proposed the use of the ammonium salt of 
nitrosophenylhydroxylamine, C c H 6 . N(NO). OH, under the name of 
“ Cupferron,” as a precipitant for copper, and as a means of separating 
it from nickel, cobalt, aluminium, and chromium. The method has also 
been investigated by H. Biltz and O, Hodtke. 2 

The reagent is employed in 6 per cent, aqueous solution, which can 
be kept for some weeks without material alteration, and which should 
be filtered if it has become turbid. 

The precipitation is best carried out in acetic add solution, or in 
mineral acid solution, mixed with the corresponding quantity of 
sodium acetate; any considerable quantity of free mineral acid dis- 
solves the copper compound and prevents its quantitative separation. 
A considerable excess of the reagent, double the calculated quantity, 
is employed. Since the bright grey copper precipitate closely 

1 Chem. ZeiL, 1909, 33, 1298 ; J. Soc . Chern. hid., 19*0, 29, 115. 

2 Z t anorg. Chem., 1910, 66, 426 ; J. Soc , Chem. Ind., 19x0, 29, 721. 
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resembles the colour of the solicl reagent, the completion of the 
precipitation cannot be clearly recognised until the precipitate has 
settled. The precipitate is filtered off on the pump, washed first 
with i per cent sodium carbonate solution to remove the excess 
of the reagent, and then with water. The filter and the drived 
precipitate are carbonised ip a covered crucible, and then ignited, 
with free access of air, or in a current of oxygen, to cupric oxide. 
The separation of copper from zinc is effected in acetic acid solu- 
tion (r atom Cu to io atoms Zn), that from cadmium (in the same 
proportions) only in mineral acid solution. The copper precipitate is 
first washed with faintly acidified water, then with I per cent, sodium 
carbonate solution, and finally with water. In the separation from zinc 
(copper used 0*1395 g.) the differences were + o 4 and + 0*7 mg. ; in 
the separation from cadmium (copper as above) the differences were 
+ o*5 and — o*i. 

The method is also applicable to the separation of copper from 
iron, as well as to the estimation of the latter metal, and to separating 
it*from nickel, cobalt, aluminium, and chromiivn. 1 

B. Volumetric Methods of Analysis 

Of the many volumetric methods devised for the estimation of 
copper, only those will be described that are much used in practice. 

1. Parkes’ Potassium Cyanide Method . 2 

This method is based on the decolorisation of blue ammoniacal 
cupric solutions by potassium cyanide with the formation of colourless, 
soluble potassium cuprous cyanides. 

The potassium cyanide solution is prepared by dissolving 20 g. of 
the purest commercial potassium cyanide in 1 litre of water. It is 
standardised by a cupric solution containing 0*2 g. of copper dissolved 
in 5 c.c. of pure nitric acid, and diluted to 200 c.c., to which solution 
20 c.c. of ammonia (1 : 1) are added. For the standardisation, the 
cyanide solution is run from a burette into the copper solution, con- 
tained in a flask, uiftil the solution assumes a faint violet tinge, the 
solution having been kept stirred during the addition of the cyanide ; 
after standing for a couple of minutes, complete decolorisation is 
attained. 

Satisfactory results can only be obtained if all titrations are carried 
out under similar conditions as to temperature, time* occupied, and the 
amount of copper, ammonia, and ammonium salts present. 

1 Cf, 0 . Baudisch and H. Biltz and O. Hodtke, ioc. cit. ; also, H. Nissenson, Z. angew. 
Ckem. 1910, 23, 629. 

2 Cf t Balling, Probier kunde, 1879, p. 274, where calculation tables are given. 
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Nickel and cobalt must not be present, on account of the colour of 
their ammoniacal solutions. Mangaftese must be previously removed 
by warmjng the ammoniacal solution, after addition of a little hydrogen 
peroxide*. Zinc, if over 4 per cent., causes the results to come too high, 
and consequently makes the assay valueless. Arsenic and antimony 
should not be present to a greater extent than about 0-5 per cent. 
Lead and silver must be previously removed, and calcium, in large 
quantity, interferes with the results. 

The process is used chiefly for tlje estimation of copper in ores and 
copper mattes, and is sufficiently accurate for ordinary smelter or mine 
work, but it is not recommended as the basis for regulating sales of 
cupreous materials. In controlling the sale price of ores, mattes, etc., 
either the electrolytic or the iodide method is almost invariably used. 

The precise manner of carrying out the method varies with the 
nature of the ore. For pure or known materials, it is conducted as 
follows : — From 0-5 to 1 g. of the finely powdered material is weighed 
into a small flask and decomposed with 10 c.c. of nitric acid ; in some 
cases a little hydrochloric acid may also be used. When thoroughly 
decomposed, a little water is added, then ammonia until neutral, and an 
excess of 20 c.c. of ammonia (1 : 1). The whole is diluted to 200 c.c , 
cooled in running water, and then titrated with the cyanide solution to 
complete decolorisation. In many cases the ferric hydroxide may be 
left in the solution and allowed to settle after each addition of cyanide, 
but in*case it interferes with the end-point, it may be filtered off when 
only a faint blue coloration remains in the solution. Many prefer to 
filter off the iron before commencing the titration, but in this case 
the precipitate must always be redissolved and reprecipitated, the second 
filtrate being added to the first, as the ferric hydroxide invariably 
carries down some copper. 

In the case of impure or unknown materials, the copper must be 
separated before titration. This may be effected either by means of 
sodium thiosulphate or of metallic aluminium. The former method 
is described on p. 169. The precipitate of copper sulphide is dissolved 
_ in nitric acid, neutralised with ammonia, and proceeded with exactly 
as described above. 

The method of separation on metallic aluminium is very largely 
used, both for the cyanide method of assay and also for the iodide 
method, to be described later (p. 175). In this case, after decomposing 
the sample with nitric acid, xo c.c. of sulphuric acid are added, and the 
whole heated until dense white fumes of sulphuric acid have been 
evolved for some minutes. The solution is then cooled, diluted to 
50 c.c., a bent piece, of aluminium foil, tV in. thick and about 1 in. by 
3 in. in size, added, and the whole boiled briskly until all the copper is 
precipitated. The whole of the copper should come down in from five 
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to ten rtfinutes, and should not adhere to the aluminium; this only 
occurs if the piece has become pitted by being used a number of times. 
The aluminium is removed and washed, and the precipitated copper 
washed by decantation several times. It is then dissolved in nitric 
acid, the solution made alkaline with ammonia, and titrated as aboye. 
After separation on aluminiujn, the residual solution should always be 
tested for copper by means of sulphuretted hydrogen. 

2. De Haen’s Iodide method, as modified by Low. 

The de Haen 1 iodide method for the estimation of copper, as 
modified by Low, 2 is widely used commercially, both in England and 
in America. Low is of opinion that it is better than the electrolytic 
method, as regards both accuracy and rapidity. 

The determination is carried out as follows : — A solution of sodium 
thiosulphate, containing 38 g. of pure thiosulphate to the litre, is 
standardised with copper. One-fifth gram of chemically pure copper is 
dissolved in 4 c.c. of concentrated nitric acid in a flask of about 250 
c.c. capacity, the solution boiled down to i#or 2 c.c., 5 c.c. of water 
added, then 5 c.c. of strong ammonia, and the whole boiled for a 
minute. The boiling is absolutely necessary, as otherwise the liquid 
reacts with potassium iodide as though it contained free nitric acid. 
Six cubic centimetres of acetic acid are then added and 40 c.c. of cold 
water; the solution is thoroughly cooled, 3 g. of potassium iodide added, 
and allowed to dissolve. * 

The reaction is represented by the following equation ; cuprous 
iodide is precipitated and iodine liberated : — 

• 2 [Cu(C 2 H 3 0 2 ) 2 ]+ 4 KI = Cu 2 I 2 +2l + 4 C 2 KH 3 0 2 . 

The thiosulphate solution is run into the copper solution containing 
the liberated iodine from a burette until the colour is only pale yellow, 
when starch solution is added until blue ; the titration is then continued 
to decolorisation in the usual manner (< cf. Vol. I., p. 117). 

The starch solution must be made fresh every two days, by 
agitating o- 5 g. of starch with 250 c.c. of cold water, and then heating to 
boiling. The thiosulphate solution, made by dissolving pure sodium 
thiosulphate in pure boiled water, free from air, keeps for a month 
without change ( cf. Vol. I., p. 121). 

Low adopts the following method in the case of ores : — One gram of 
the finely powdered sample is treated with 10 c.c. of concentrated nitric 
acid, in a flask of about 250 c.c. capacity; the resulting solution is 

1 Ann . Chem. Pkarm ., 1873, 91, 237. The method was first described by E. O. Brown, 
Quart J. Chem. Soc., 1857, 10 , 65. 

2 Eng, and Min. J., 1895, 59 , 124 ; J. Soc. Chem. hid., 1895, 14 , 304 ; cf. also, Westmoreland, 
J. Soc . Chem. hid., 1886, 5 , 48. 
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evaporated nearly to dryness, and the residue boiled for two* or three 
minutes with 10 c.c. of concentrated hydrochloric acid; io c,c. of 
concentrated sulphuric acid are then added, and the boiling continued 
until fumes of sulphuric acid are evolved. 

, The cooled residue is treated with io c.c. of water, boiled and 
filtered from lead sulphate, gangue, sulphur, etc., into a shallow beaker 
of 8 cm. diameter. On the bottom of the beaker is placed a strip of 
thick aluminium foil, about 4 cm. wide and 7 cm. long, bent at the 
ends to prevent complete contact of the surface with the bottom of the 
beaker ; the aluminium, which must be free from copper, may be used 
for a number of estimations. The volume of the filtrate and wash- 
water should be kept below 75 c.c. The beaker is covered with a clock- 
glass and the solution boiled well with the aluminium for six or seven 
minutes ; the precipitation of copper should then be complete, though 
more dilute solutions require longer boiling. The solution, and, 3 s far 
as possible, all the precipitated copper, washed off the aluminium by 
means of a wash-bottle, are transferred to the flask first used, the 
beaker for the time beifig put on one side; the solution is then 
decanted from the flask through a small filter and the contents of the 
flask washed three times successively by decantation with a very little 
hot water. The funnel, together with the filter, is then placed over 
the beaker, and 3 or 4 c.c. of strong nitric acid are dropped on, 
followed by a washing with a little hot water; this acid solution, 
which* is also used to remove traces of copper remaining on the 
aluminium, is washed into the flask to the main bulk of precipitated 
copper, which is dissolved by heating over the free flame ; 0-5 g. of 
potassium chlorate is added to oxidise any arsenic to arsenic acid, and 
the liquid boiled down to 1 to 2 c.c. ; no basic salts of copper should 
separate during this concentration. The titration is then carried out as 
in the case of the standardisation described above. 

Since 1 g. of pure copper requires 5-22 g. of potassium iodide, 3 g. 
of potassium iodide will suffice for 1 g. of all ores containing less than 
SO per cent, of copper. For very rich ores, 5 g. of potassium iodide 
should be used. 

Arsenic, as arsenic acid, does not interfere \fith the estimation; 
bismuth, by reason of the deep yellow colour of potassium-bismuth 
iodide, hinders the titration, and may cause the addition of starch to 
be made at too late a stage, though this does not frequently happen. 
Lead also masks the end-point to a certain extent ; ferric salts must be 
absent. 

Instead of neutralising with ammonia, as described in Low’s method, 
many chemists prefer to use sodium carbonate. This should be added 
in very slight excess only, followed by the addition of acetic acid. If 
a large excess of sodium carbonate be used, the sodium acetate formed 
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interferes to a certain extent with the titration. Powdered marble is 
an advantageous reagent to use for the neutralisation, as an excess does 
not interfere. Another method which is much used is to add -an excess 
of zinc acetate to the nitric acid solution, by which means zinc nitrate 
is formed and acetic acid liberated. This is found to be a very quick, 
clean, and reliable method o£ treatment. 

The iodide method gives results which agree very closely with the 
electrolytic assay. It is used especially for controlling the sales of 
copper ores, mattes, etc. 

3. Stannous Chloride Method. (F. Weyl.) 1 

This method is based on the reduction of cupric to cuprous chloride 
by stannous chloride. A hydrochloric acid solution of stannous chloride 
is added to the hot, deep green hydrochloric acid solution, containing 
cupric chloride and free from oxidising or reducing agents, until the 
green colour has disappeared. One drop of a concentrated solution of 
mercuric chloride should produce a very faint precipitate of mercurous 
chloride when the titration is finished. The end-point corresponds 
with the complete decolorisation of the liquid, and in a good light it is 
quite sharp. Balling, 2 who has examined the method very carefully, 
found the differences between results given by it and by gravimetric 
methods not to exceed 01 to 0-2 per cent. 

The stannous chloride solution is prepared by dissolving 6 g. of pure 
tin, or the corresponding quantity of freshly prepared commercial 
stannous chloride, in 200 c.c. of pure 25 per cent, hydrochloric acid, 
and diluting to a litre with cold, boiled water. It is kept in quantities 
of 3 litjes or more in a stock bottle connected with a small carbon 
dioxide generator to prevent oxidation. 

A copper solution of known strength is prepared by weighing out 
exactly 7-854 g. of freshly prepared sulphate of copper, in small crystals 
previously dried by pressing between filter paper ; this is dissolved in 
water and made up to 500 c.c. The solution contains exactly 2 g. of 
copper. Instead of using sulphate of copper, 2 g. of electrolytic copper 
may be dissolved in 8 c.c. of nitric acid of sp. gr. 1-4, the solution 
evaporated with 2 c.c. of sulphuric acid to completely remove nitric 
acid, the residue taken up with water, and made up to 500 c.c. 

To standardise the stannous chloride solution, 25 c.c. of the copper 
solution, corresponding to o-i g. of copper, are run into a flask of 200 
c.c. capacity, 5 c.c. of pure concentrated hydrochloric acid added, and 
the mixture brought to the boil, when stannous chloride solution 
is run in, from a freshly filled burette, until the green colour of the 

1 Z. anal. Chem ., 1870, 9, 297 ; cf. also, Chem. News , 1873, 23, 49 ; 1884, 46, 284. 

2 Die Probier kunde , 1879, <>p. 26$ et seq.; tables for the calculation of the copper content are 
given on pp. 270 el seq. 
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boiling solution is discharged. Any greenish tinge appearing on the 
addition of a further 5 c.c. of concehtrated hydrochloric acid will be 
discharged by one drop, or, at any rate, by a very few drops of stannous 
chloride solution. The stannous chloride solution must be re-standardised 
about once a week by means of the copper solution, which must be kept 
for the purpose in a tightly stoppered bottle. 

The copper in ores is determined as follows : — From 2 to 5 g. of 
the finely powdered sample, according to its richness in copper, are 
boiled in a flask with aqua regia, and^then evaporated nearly to dryness 
with sulphuric acid. On taking up with water and filtering, gangue, 
lead sulphate, and silver chloride remain on the filter paper; the filtrate 
is diluted to 250 c.c., of which 25 c.c. are run into a flask and treated 
with $ c.c. of concentrated hydrochloric acid, etc., as above. 

In presence of iron, as is almost always the case, the hydrochloric 
acid solution is of a yellowish green colour, and the stannous chloride 
used corresponds to the total of copper and iron. To determine the 
iron, a separate portion of 25 c.c. of the sulphate solution is warmed 
with granulated zinc, the dear solution poured off from the precipitated 
copper, the copper washed by decantation with water, and the combined 
solutions, after cooling, titrated with potassium permanganate. The 
same quantity of stannous chloride is required for 55-85 parts of iron as 
for 63*57 parts of copper, in accordance with the following equations : — 

2CuCI 2 + SnCl 2 = Cu 2 Cl 2 + SnCl 47 
zFeClg + SnClo = 2FeCl 2 + SnCl 4 . 

For the subsequent estimation of the copper, it is better to com- 
pletely dissolve the excess of zinc (which must be free from lead) by 
warming with dilute sulphuric acid, decant, then add a sufficiency of 
nitric acid to dissolve the copper, boil down with sulphuric acid to 
remove nitric acid, dissolve in water, add hydrochloric acid, and titrate 
as above. 

Any antimonic acid or antimony chloride in solution is reduced by 
the stannous chloride to antimonious chloride, and thus causes the 
copper to come out too high. This error may be estimated by allowing 
the titrated solution to stand for from twelve to twenty-four hours in 
an open dish, and then titrating again. During the exposure, the 
cuprous chloride is oxidised to cupric chloride, but the antimonious 
chloride remains unchanged. The second titration, therefore, gives 
the correct copper content. 

Arsenic has no effect on the assay. Nickel and cobalt must be 
previously removed ; this is most simply done by precipitating the 
copper with sodium -thiosulphate (p. 169), treating the sulphide with 
nitric acid and sulphuric acid, and then titrating the sulphate solution 
in presence of hydrochloric acid. 
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The process is frequently used, especially where a stannous chloride 
solution is also used for the titration of iron. 

4. Ammonium Thiocyanate Method. (Volhard.) 

This method consists in the precipitation of the copper as cuprous 
thiocyanate from a nearly neutral hot solution, saturated with sulphur 
dioxide (cf. also, p. 17 1). The precipitation is effected by a slight excess 
of a measured solution of ammonium thiocyanate of known strength, the 
excess being titrated back, in the cold, with silver nitrate solution, in 
presence of ferric sulphate and nitric acid. 

Any silver, mercury, chlorine, bromine, iodine, and cyanogen must 
be previously removed. 

To carry out the estimation, the nitric acid or sulphuric acid solution 
of the sample is first nearly neutralised with sodium carbonate or 
sodium hydroxide, free from chlorine ; for about o- 5 g. of copper, 
approximately 50 c.c. of a saturated aqueous solution of sulphur dioxide 
are then added, the whole heated to boiling and precipitated with an 
excess of an ammonium thiocyanate solution standardised by silver 
nitrate ( cf. Vol. I., p. 123). (As 107-88 parts of silver require the same 
amount of ammonium thiocyanate for precipitation as 63-57 parts of 

60. C7 

copper, the silver titre must be multiplied by =0-5893.) 

It is convenient to use a 500 c.c. flask for these operations, or else to 
wash the total liquid, after cooling to the ordinary temperature, into a 
flask of this size, and to dilute to the mark, mix, allow to stand for a 
short time, and then filter an aliquot portion through a dry filter paper 
into a di$/ beaker. 

One hundred cubic centimetres of the filtrate are then treated with 
5 c.c. of a cold saturated solution of iron alum and a few drops of pure 
nitric acid, and the solution titrated with a standardised silver nitrate 
solution, until the ferric thiocyanate colour is discharged. The amount 
of thiocyanate used for the precipitation of the copper is thus obtained. 

The estimation of copper in blister copper, alloys, mattes, and ores, 
the copper content of # which is approximately known, can be carried out 
in a short time by this method, and the results are sufficiently accurate 
for technical purposes. The error introduced by not taking account of 
the volume of the solid cuprous thiocyanate is negligible. 

C. Colorimetric Methods * 

The object of these methods is the determination of the copper 
content of definite volumes of blue ammoniacal 'cupric solutions by 
comparison with the colour of standard solutions containing known 
quantities of copper, in layers of similar thickness and of equal volume. 
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As in all colorimetric methods, it is taken for granted that the colour 
intensity of equal columns of solution is directly proportional to the 
amount of colour-producing material in the liquid. 

The colorimetric determination of copper was originally recom- 
mended by Jacquelin, von Hubert, and others for rich as well as poor 
ores, graduated tubes being employed, su<*h as are used in the Eggertz 
colorimetric estimation of carbon in steel (cf. p. 57) ; the method is 
now only employed, in Heine’s modified form, for the assay of poor 
ores, furnace products, and slags, the popper content of which does not 
exceed 1 per cent 

Strongly coloured solutions are very difficult to compare ; if such 
solutions be considerably diluted to many times the normal volume and 
the content then ascertained by comparison with the standard solution, 
it is necessary, of course, to multiply by the dilution factor, and so the 
experimental error becomes increased to a corresponding degree. 

An ammoniacal solution, prepared from the ore with nitric acid, 
must be compared with a standard solution prepared from copper 
nitrate, and a solution marie with sulphuric acid must be compared with 
a copper sulphate solution, the colours of the ammoniacal solutions of 
these two salts being somewhat different. 

The solutions to be compared must be at the same temperature, and 
must contain equal amounts of ammonia ; they must be prepared with 
good distilled water, quite free from organic matter, and with similarly 
pure Ammonia, otherwise a greenish coloration results. Bituminous 
ores must be roasted to decompose organic matter before being treated 
with acids. 

Nickel and cobalt interfere with the estimation, as does also^arsenate 
of iron, which gives a brown coloration with ammonia ; small quantities 
of nickel give a violet tinge to the solution, and such a solution is 
difficult to compare with the pure blue solution of pure copper. These 
impurities may be removed by previous precipitation of the copper as 
sulphide, which is then dissolved in nitric acid ; it is advisable also to 
precipitate the copper as sulphide from solutions containing much iron 
and aluminium, as the bulky precipitates of the hydroxides of these 
metals retain copper tenaciously. 

Heine’s Method for Low-grade Ores and Slags. 

Solutions of nitrate or sulphate of copper, containing exactly 1 mg. 
of copper per cubic centimetre, are made by dissolving electrolytic 
copper; quantities of 20, 10, 7-5, 5, 4, 3, 2, 1 c.c. are taken out with 
pipettes and put Into measuring flasks or cylinders; after adding 
10 c.c. of pure atrimonia to each, they are diluted to 100 cc. and 
placed in perfectly similar, square glass-stoppered bottles of about 
150 c.c. capacity. The bottles are labelled as 2, r, 075, 0-5, 0*4, 0*3, 
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0-2, 0*1 per cent. ; the stoppers are fastened down with parchment paper 
caps. 

To carry out an estimation, 2 g. of an ore, such as JVtansfeld 
“ Kupferschiefer,” are roasted in a porcelain crucible in a muffle and 
then treated in a beaker with 15 c.c. of a mixture of three parts 0 of 
sulphuric acid of sp. gr. 1*2^, and one part of nitric acid of sp. gr. 1*2, 
and the whole boiled down on a sand-bath until sulphuric acid fumes 
are evolved. On cooling, the mass is taken up with distilled water, 
and the volume made up to 100 c.c. in a graduated flask, 30 cc. of 
strong pure ammonia added, and the whole well mixed and filtered 
into the sample bottle, marked for 200 c.c. After thorough cooling, 
the solution is diluted to the mark and the bottle placed between the 
standard bottles, at a window, in front of a screen covered with white 
paper. On account of the constant amount of nickel in the “ Kupfer- 
schiefer, ” the standard solutions are made up with the necessary amount 
of nickel by the addition of a solution of electrolytic nickel. If the 
colour of the ammoniacal solution from 2 g. of ore, diluted to 200 c.c., 
agrees with the standard solution of 20 mg 1 , of copper in 100 c.c., it 
follows that the ore contains 2 per cent of copper ; should the colour 
be deeper than that of the strongest standard, the assay solution is 
diluted to twice its volume and a sample bottle filled with the diluted 
solution, comparisons being again made, and so on. 

According to Heath, 1 slags at the works at Lake Superior are 
usually assayed colorimetrically, as follows : — Two and a half gfctms of 
finely powdered slag are boiled in a porcelain dish with concentrated 
nitric acid (sp. gr. 1-4), until all nitrous fumes are driven off, 10 c.c. of 
sulphuric acid then added, and the boiling continued until the mass is 
pasty. After taking up with water and adding excess of ammonia, 
the solution is filtered on the pump into a 200 c.c. graduated bottle 
and the precipitate washed with very dilute ammonia (1 to 10); 
the cooled solution is then made up to 200 c.c. and the test carried 
out as described with suitable standards. 

J. D. Audley Smith 2 uses only one solution for the comparison 
containing 2*5 mg. of copper per cubic centimetre. The solution under 
examination is placecl in a 200 c.c. bottle; 150 c.c. of water are placed 
in a similar bottle, the same amount of nitric acid and of sulphuric acid 
as in the case of the sample, and 30 c.c. of ammonia (sp. gr. 0-9), added, 
and a copper solution of known strength then run in from a burette until 
a corresponding colour is produced. 

Refractory slags are best fused with potassium fluoride and 
sulphuric acid in a platinum dish, the melt dissolved, the iron oxidised 
with nitric acid, and the solution then evaporated down until fumes of 

1 Eng. and Min* J., 189$, < *59, 369, 370 ; J Soc. Chem* hid., 1895, 14, 679. 

2 Trans . Amer . Inst. Min . Eng., Canadian Meeting, 1900 ; Chem . Zeit. Rep., 1900, 24, 291. 
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sulphuric acid are evolved; the colorimetric comparison is then made 
as above. f 

For the estimation of small quantities of copper in litharge, 10 g. 
or more of the sample are treated with dilute nitric acid, evaporated 
down with sulphuric acid, 50 c.c. of water added, and the solution filtered 
into a graduated flask of 100 c.c. or other agreed standard capacity. 

Waller 1 gives the following excellent method for the colorimetric 
estimation of copper in slags : — Two grams of the slag are placed in 
a small beaker, 50 c.c. of hot water # and then 15 c.c. of hydrochloric 
acid added at once while the slag is kept in suspension by vigorous 
stirring. Practically all the silica, lime, oxide of iron, etc., is dissolved, 
and can be filtered off from the black residue, which consists of copper 
sulphide and a little, partly decomposed, slag and matte. The solution 
always smells strongly of sulphuretted hydrogen, which ensures the 
copper remaining insoluble. The residue is filtered off on the pbmp, 
as otherwise the filtration is slow owing to a slight separation of 
gelatinous silica, which often occurs. The filter paper is ignited in a 
porcelain crucible, no organic matter being allowed to remain, th*e 
residue brushed into a beaker, 5 c.c. of nitric acid and a few drops of 
hydrochloric acid added, and heated till red fumes cease to come off. 
The resulting solution is then diluted, 20 cx. of ammonia added, the 
solution boiled, filtered into a colorimetric bottle, cooled, and diluted 
to 150 cx. A double precipitation with ammonia is not necessary, as 
the amount of iron to be separated is very small and does not carry 
down appreciable amounts of copper. The iron present at this stage, 
as also most of the copper, is derived chiefly from shots of matte which 
have been included in the slag. The standard colorimetric bottles are 
generally made up about once a month ; they do not alter appreciably 
in colour over a much longer period, but the ammonia attacks the 
glass, forming a flocculent precipitate which, if shaken up in moving the 
bottles about, clouds the solution. The standards are, however, quickly 
renewed as follows: 0-5 g. of copper is dissolved in a little nitric acid, 
the red fumes boiled off, and the solution diluted to 500 c.c. Ten colori- 
metric bottles are taken, labelled 0*1, 0*2, 0*3, etc., 5 c.c. of nitric acid 
placed in each, then diluted, and from a burettef 1 cx. of the above 
solution added to the first, 2 c.c. to the second, and an additional 1 c.c. 
to each successive bottle. Twenty cx. of ammonia are then added 
to the contents of each bottle, after which they are filled with water 
up to the bottom of the labels, which are placed so that each solution 
has a volume of 150 cx. For the colorimetric comparison, the 
bottles are placed on a level with the eye, on a narrow shelf covered 
and backed with white paper or tiles ; there should be only one source 
of light, which should be directly behind the observer, and there should 
1 Trans . Inst . Min, and Met 1908 - 9 , 18 , 37 . 
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be space* enough on the shelf between the standard bottles to allow for 
the introduction of the bottle tc? be compared, which is moved along 
until its place in the series is determined. Since 2 g. of slag are taken, 
the factor on the corresponding bottle, divided by two, gives the 
percentage of copper in the slag. 

D. Special Methods of Analysis 
1. COPPER ORES, MATTES, SPEISSES, AND SLAGS 

1. Determination of Copper. 

The solution of the very finely powdered substance is effected, in 
general, as described on p. 158. Bituminous ores, such as “Kupfer- 
schiefer,” are subjected to a preliminary roasting ; very arsenical and 
antimonial ores and speisses are roasted carefully at a gradually 
increasing temperature. Treatment with nitric add, aqua regia, or 
hydrochloric acid and potassium chlorate, is preferably followed by 
evaporation with an excess of sulphuric acid,^o as to precipitate all the 
lead and a good deal of the antimony. In Nissenson and Neumann’s 
method (p. 170), the small quantity of arsenic and antimony thrown 
down on precipitating the copper with a slight excess of sodium thio- 
sulphate, is completely removed by roasting. The sulphate solution, 
filtered from lead sulphate, is in many cases suitable for the direct 
gravimetric determination of the copper by electrolysis, and also for 
titration by one or other of the methods described. 

Copper Pyrites , which is the most frequently occurring ore of copper, 
is assayed electrolytically, the solution used being considerably diluted 
on account of the large proportion of iron present. The volumetric 
methods of Low (p. 175) or Parkes (p. 173) can also be employed. 

The copper in pyrites and in burnt pyrites may be estimated by 
Nahnsen’s method 1 (cf VoL I., p. 286). 

Slags rich in Iron are decomposed by hydrochloric acid, the residue 
containing the copper filtered off, ignited, and dissolved in nitric acid, 
and the copper estimated colorimetrically (p. 180). 

Refractory Slagf* are treated with potassium fluoride and sulphuric 
acid in a platinum dish, as described on p. 181. 

Copper Speisses , Fahl Ores , Bournonite (CuPbSbS 3 ), etc., are best 
dissolved, according to Hampe, 2 by warming with a mixture of nitric 
and tartaric acids (for 1 g. of material 30 cc. of nitric acid of sp. gr. 1-2 
and 10 g. of tartaric acid), the diluted solution treated for a considerable 
time at 6o° with sulphuretted hydrogen, and the precipitate extracted 
with hot potassium sulphide solution ; the residue- is then heated in a 
porcelain dish with nitric acid, evaporated with excess of sulphuric acid, 

* Chem. ZeiL , 1887, II, 692. 2 Ibid,, 1891, 15, 443. 
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and the copper in the filtered solution either estimated electrolytically 
or determined by one of the volumefric methods. 

T. Ulke 1 has given a description of the methods in vogue in the 
United States for the analysis of furnace products, slags, and plating 
baths. 

2. Determination of £>ulphur. 2 

Three-tenths of a gram of finely powdered copper pyrites, or of 
ores and mattes free from lead, is treated in an Erlenmeyer flask, standing 
in cold water, with fuming nitric acid, r added in small quantities of io 
to IS c.c. at a time, the action being allowed to go on for about an hour. 
The whole is then heated gradually in a water-bath, so that at the end 
of three hours it has reached a temperature of 70°, and in the course of 
another hour it is brought up to boiling point. Should particles of free 
sulphur be still present, the flask is cooled and the treatment with 
fuming nitric acid repeated. The solution is then evaporated to dryness 
in a porcelain dish, first without hydrochloric acid and then twice 
successively with 10 c.c. of pure hydrochloric acid, the residue taken up 
with dilute hydrochloric acid, filtered, and the boiling dilute solution 
precipitated with a slight excess of a boiling solution of barium chloride. 
BaS 0 4 x 0*1374 = 5. 

Speisses, fahl ores, raw and roasted copper matte and lead matte 
are, according to Hampe, examined as follows: — One gram of material 
is mixed with 6 g. of nitre and 5 g. of pure anhydrous sodium car- 
bonate-in a platinum crucible, the mixture covered with a little nitre 
and carefully fused. The melt is extracted with water, the lead pre- 
cipitated by means of carbon dioxide and filtered off, and the filtrate, 
after being acidified with hydrochloric acid, evaporated to dryness ; the 
residue is taken up with dilute hydrochloric acid, any silica filtered off, 
and the sulphur then precipitated in the ordinary way with barium 
chloride. 

The following method gives good results with ores, mattes, and 
slags (Bannister): — Half a gram of the sample is treated with 10 c.c. 
of nitric acid, and when the first violent action ceases, crystals of 
potassium chlorate are added until the whole is decomposed. If 
globules of sulphur separate out, a few crystals < 5 r a little powdered 
potassium chlorate thrown on the top of the globules will cause them to 
go into solution at once. When all action has ceased, the solution is 
evaporated to dryness, 10 c.c. of hydrochloric acid added, and the whole 
evaporated to dryness to render the silica insoluble. The residue is 
then taken up with hydrochloric acid, the solution diluted with hot 
water, filtered, the filtrate made alkaline with ammonia, about 3 g. of 
barium chloride added, boiled for a few minutes, then acidulated with 

1 Eng. and Min. J, 1889, 68 , 72 8 ; /. Soc. Chem. Inch, 1900, 19 , 170. 

2 Cf. also, Vol. I., pp. 272 etseq and p. 289. 



185 


COPPER: ORES, MATTES, SPEISSES, AND SLAGS 

hydrochloric acid to redissolve the iron, again boiled for a few minutes 
and allowed to settle well before filtering. Barium sulphate can in this 
way be separated in one operation from solutions containing large 
quantities of iron without contamination with the latter metal "as the 
iron is thrown out of solution before the precipitation takes place. • 

1 

3. Determination of Silica. 

The insoluble matter filtered off after decomposition of the ore or 
slag as described in the estimation of sulphur (p. 184), is ignited and 
weighed as insoluble matter.” Jn most cases for smelter routine work 
this is the only silica determination required, but in some cases it is 
necessary to determine the true silica content, when the following 
method may be used The insoluble residue is mixed in a platinum 
crucible with, about 2 g. of sodium carbonate and fused over a 
blowpipe until all action ceases. The subsequent solution may be 
greatly facilitated by the following procedure: — The contents of the 
crucible are poured on to its lid, the crucible and lid each being held 
by a pair of platinum-tipped tongs; both crucible and lid are then 
placed in a porcelain dish containing about 40 c.c. of cold water The 
bulk of the melt which is on the lid readily slides off, while the crucible 
only retains a thin film which is quickly dissolved out. The dish is 
heated until all is dissolved or thoroughly disintegrated, when the 
crucible is removed, the solution acidified with an excess of hydrochloric 
acid, evaporated to dryness, the residue, after cooling, moistened with 
S c.c. of hydrochloric acid and a few drops of nitric acid, diluted with 
hot water, filtered, washed, ignited, and weighed. 

4- Determination of Alumina. 

For the purposes of the copper smelter, the difference between 
the “insoluble matter” and “true silica" may generally be taken as 
alumina. 

. For th ® estimation of the alumina, 15 c.c. of a saturated solution of 
nicrocosmic salt are added to the filtrate from the silica, the volume of 
vhich should be about . 100 c.c., which is then carefully neutralised 
vith ammonia until* a slight permanent white precipitate is obtained. 
This is heated to boiling and acidified with hydrochloric acid until 
he solution has cleared, care being taken not to have more than 
! c.c. of acid in excess; 25 c.c. of a saturated solution of sodium 
hiosulphate are then added and 5 c.c. of glacial acetic acid or an 
quivalent amount of dilute acetic acid. The solution is boiled for 
en minutes, when a white precipitate, consisting of aluminium 
ihosphate and sulphur, is obtained, which is- easily filtered and 
/ashed. The precipitate is ignited very gently at first until the 
iaper and sulphur are burnt off, and is then heated to a bright red 
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heat ; It Is quite white and should show no signs of fusion. The 
weight of A 1 P 0 4 , multiplied by 0*4184* gives the weight of A 1 2 0 3 . 

5. Determination of Iron and Lime* 

% In the case of ores, the filtrate from the separation of the insoluble 
matter is treated as follows : — The iron is precipitated with ammonia 
in the usual way and filtered, the precipitate dissolved in hydrochloric 
acid, reduced with stannous chloride, 20 c,c. of a saturated solution of 
mercuric chloride added, and the solution titrated with standard 
potassium bichromate in the usual way. 

To determine the lime, an excess of ammonium oxalate is added 
to the filtrate from the iron, the solution boiled for a few minutes, 
filtered, and the filter paper and precipitate placed in a beaker contain- 
ing 10 c.c. of sulphuric acid, diluted to 100 c.c., heated to boiling, and 
titrated with standard potassium permanganate solution in the usuafway. 

In the case of slags which can be dissolved in hydrochloric acid, the 
iron may be determined directly in the solution after reduction, by- 
means of potassium bichrcftnate. 

For the determination of lime in slags, the filtrate from the silica 
is heated to nearly boiling, a decided excess of ammonia added, then 
solid oxalic acid until the ferric hydroxide has all dissolved ; ammonia 
is again added until there is a slight permanent precipitate of ferric 
hydroxide, the solution again cleared by the careful addition of small 
quantities of oxalic acid, boiled and filtered. The precipitate is treated 
as above with sulphuric acid and titrated with standard permanganate, 
containing 5*635 g. per litre; 1 c. 0=0*005 g. CaO. 

4 r> 

2. MARKETABLE COPPER (TOUGH COPPER AND ELECTROLYTIC 

COPPER) 1 

The commercial analysis of marketable copper is frequently necessary ; 
as even comparatively small amounts of impurities have a considerable 
effect on the properties of the metal and of its alloys. 

The investigations of Hampe 2 have shown that the properties of 
refined copper depend largely on the form of combination of the 
metallic or other impurities, according as to whether they are alloyed 
with the copper or dissolved as oxidised compounds. 

The analytical methods for the investigation of copper and for the 
determination of these forms of combination, as introduced by Hampe 
himself and, in continuation of his work, by Stahl, 3 are of scientific 

1 Cf. Fresenius, Quantitative Analysis, 7th edition, vol. ii., p. 400; A. Hollard, Chem, ZeiL 
Rep., 1900, 24, 146. 

2 Zeit. f. d, Berg., Hiitten u, Salinenwesen in dem preuss. Staate , 21, 2x8 ; 22, 93 ; J Chem . 

See., 1876, 29, 973 ; Z. anal Chem., 1874, 13, 179. . 

8 Ueber Raffination, Analyse und Eigenschaften d. Kupfers , by W* Stahl, Clausthal, 1886* 
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interest and also of considerable practical importance in connection 
with the refining of copper. As 'the quantitative determination alone 
of the foreign constituents of marketable copper, without reference to 
their mode of combination, occupies several days, and is quite sufficient 
if the copper is required for the manufacture of alloys, the commercial 
investigation is confined either to the complete quantitative analysis, 
or sometimes to the determination of the copper and of the more 
detrimental impurities, such as bismuth, antimony, and arsenic only. 

The quality of the metal canjiot be gauged from the fracture; a 
sample of Japanese copper, of “ Furnkawa ” brand, for instance, examined 
by Pufahl, contained 0-78 per cent, of arsenic, yet it showed an excellent 
fracture. Such tests as hammering, bending, tenacity, etc., will show 
the value of the metal as such, but they give no information as to 
whether the copper can be used for the production of alloys of the best 
quality. 

Some alloys can only be produced with very pure copper, eg., for 
making thin sheet brass, copper is required which is free from bismuth 
and antimony, and contains not more than »o* 1 per cent, of arsenic ; 
phosphor bronze of high tenacity must be made from the purest copper 
and tin, and so on. 

Electrolytic copper, which is now manufactured in considerable 
quantities, is almost chemically pure ; it contains usually only traces of 
sulphur, in the form of interlocked sulphate solution, and frequently also 
recognisable amounts of bismuth, antimony, arsenic, iron, selenium, and 
tellurium. 

Refined copper usually contains 0-05 to 02 per cent, of oxygen (as 
cuprous oxide and oxidised compounds of antimony, arsenic, lead, 
bismuth' nickel, etc.) ; the impurities proper, viz., arsenic, antimony, 
tin, lead, nickel, cobalt, iron, sulphur, selenium, and tellurium, in the 
better classes of copper, do not amount to over 0-7 per cent. 

Silver is seldom present to a greater extent than 0-03 per cent., and 
gold occasionally in traces. The best brands of copper are the Lake 
Superior, South Australian Wallaroo and Burra-Burra, English “Best 

Selected,” and Mansfeld refined. 

* 

1. Complete Analysis. 

After the introduction of electrolytic methods for the estimation of 
copper, Hampe, in 1873 (J oc * recommended the electrolytic deposi- 
tion of copper from a solution of 25 to 30 g. of marketable copper, and 
the determination of the impurities in the solution, from which the 
whole or most of the copper had been removed ; as bismuth is 
deposited with the copper, the deposited metal fnust be redissolved, 
the nitrate solution boiled down with hydrochloric acid, and the bismuth 
precipitated as oxychloride. 
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This method was, however, discarded by many, since Hampe sub- 
sequently ascertained 1 that, in addition to bismuth, small amounts of 
arsenic and antimony may come jiown with the copper. He determined 
the antimony deposited with the copper, by dissolving the electrolytic 
deposit and precipitating the copper in the solution as thiocyanate ; 
this method is fully described later on (p. *92). 

On R. Finkener’s recommendation, P. Jungfer 2 investigated the 
method introduced by Flajolot, 3 in which copper is separated from 
arsenic and antimony by precipitatjpn as cuprous iodide, and, as an 
outcome of his work, he introduced the following accurate and rapid 
method of copper analysis : — 

(a) Jungfer’s Iodide Method.— Most of the copper is precipitated 
from a slightly acid nitrate or sulphate solution as cuprous iodide, by 
addition of potassium iodide in presence of sulphuric acid, sulphur dioxide, 
and a little potassium fluoride, which forms easily soluble antimony- 
potassium fluoride ; the free sulphur dioxide is removed from the 
filtrate, the copper remaining in solution, together with the arsenic and 
antimony, and any bismuth and lead, is precipitated with sulphuretted 
hydrogen, and the copper, bismuth, and lead separated from a strong 
ammoniacal solution of the sulphides, after addition of tartaric acid, 
according to R. Finkener’s method, 4 by carefully adding small quantities 
of weak sulphuretted hydrogen water and warming. Nickel, cobalt, 
manganese, and iron may be estimated in the filtrate from the sulphides. 
Bismuth comes down principally with the cuprous iodide, and is, 
therefore, determined in a separate portion by Jungfer’s method (p. 192) ; 
silver is also determined in a separate portion. 

If the copper under examination dissolves in nitric acid without 
residue, and only arsenic and antimony are to be estimated, precipita- 
tion may be effected directly in the nitrate solution; otherwise, it is 
necessary to evaporate with sulphuric acid to precipitate the lead, and 
so on. 

To carry out the determination, 10 g. of the copper, in the form of 
clean chippings or drillings, are dissolved in a large covered porcelain 
dish, in 40 c.c. of pure nitric acid of sp. gr. 1*4, added a little at a time, 
xo c.c. of redistilled sulphuric acid, diluted with io*cx. of water, added, 
and the whole evaporated to dryness on a water-bath, and then heated 
on a sand-bath until sulphuric vapours begin to come off. The cooled 
mass is dissolved by warming with 150 c.c. of water, and, after standing 
for several hours in the cold, the lead sulphate, together with any 

1 Chem. Zeit 1892, 16, 4*7 J J Soc. Chem. hid., 1892, XI, 695. 

2 Berg. u. Hutten. Zeit. , 1887, 4 6 , 490 j Z. anal Chem., 1888, 27, 63 ; J. Chem. Soc . Abstr., 
1888, 54 3*4* 

8 Annates des Mines , 1853, p. 641 ; J. praht . Chem., 1854, 6 1, 105. 

4 Mitteil. der KgL iechn. Versucksans taken zu Berlin, 1889, p. 76; J. Soc . Chem . Ind., 1889, 
8, 733* 
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antimomc acid and lead antimoniate, is filtered off on a small filter. 
The further treatment of the irnpure lead sulphate is carried out as 
described below. 

The filtrate is transferred to a large beaker, diluted to about 300 c.c., 
150 mg. of potassium fluoride, free from arsenic, added, then 50 c.c. of a 
pure aqueous solution of sulphur dioxide, followed by the calculated 
amount of potassium iodide, dissolved in a little water and added little 
by little with stirring. Any iodine set free is removed by means of an 
aqueous solution of sulphur dioxide. 

Ten grams of pure copper require 26*2 g. of pure potassium iodide. 
The copper may be taken as 99 per cent pure, so that only 26 g. of 
potassium iodide are added, the cuprous iodide being appreciably 
soluble in excess of potassium iodide solution. 

When the final portions of potassium iodide and sulphurous acid 
have* been added, the mixture is warmed on a boiling water-bath ; the 
dense greyish white precipitate settles in about ten minutes. The 
supernatant liquid, which is usually colourless, though occasionally of a 
faint greenish yellow colour, is decanted as completely as possible through 
a filter paper, the precipitate washed three or four times by decanta- 
tion with 100 c.c. of hot water containing a little sulphuric acid, the 
free sulphur dioxide in the combined filtrates oxidised by iodine solution, 
and then sulphuretted hydrogen passed for a considerable length of time 
through the warmed liquid. 

The sulphide precipitate, which contains all the arsenic and 
antimony, the copper not previously precipitated, and any bismuth, 
is collected on a filter, washed with water containing a little 
sulphuric acid and sulphuretted hydrogen, and dissolved off the filter 
with hydrochloric acid and a little potassium chlorate; the solution, 
after the addition of a few decigrams of tartaric acid and after dilu- 
tion to 50 c.c., is rendered strongly alkaline with ammonia. Copper 
(and bismuth) are then separated out as sulphides, by Finkener’s 
method, adding small quantities of dilute sulphuretted hydrogen water 
and warming gently ; the precipitate is quickly filtered off and washed 
with water containing a drop of ammonium sulphide ; the filtrate from 
this precipitate is a<fidified with dilute sulphuric acid and warmed, and 
the arsenic and antimony precipitated with sulphuretted hydrogen. 

The impure lead sulphate mentioned above is, after drying, removed 
as far as possible from the filter paper, which is itself destroyed by being 
treated with concentrated nitric acid in a porcelain crucible, the acid 
being evaporated off and the residue carefully h’eated with a little 
ammonium nitrate ; the main bulk of the lead sulphate is mixed with 
from three to six times its weight of a mixture of -equal parts of sulphur 
and sodium carbonate, placed in a crucible, the cover put on, and the 
mixture fused at a moderate temperature. The melt is extracted with 
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hot water and the lead sulphide (containing some bismuth and copper) 
filtered off and washed, first with a cfilute potassium sulphide solution, 
and then^with dilute sulphuretted hydrogen water. The impure lead 
sulphide is converted into sulphate by treatment with nitric acid and 
evaporation with sulphuric acid, and weighed (cf. Lead, p. 222 ). From 
the sulphuric acid filtrate any small quantity of bismuth may be pre- 
cipitated by neutralising with ammonia, adding a little ammonium 
carbonate, and warming for some time ; the separated basic carbonate is 
dissolved in a little hydrochloric acid,«most of the free acid removed by 
evaporation and the bismuth precipitated, as oxychloride, by diluting 
largely with water. The estimation of bismuth in the impure lead 
sulphate is necessary, if the bismuth estimation in the copper is to be 
carried out by the Jungfer method. 

Antimony and sulphur are precipitated from the sulpho-salt solution 
by adding excess of dilute sulphuric acid and warming; the washed 
precipitate is treated on the filter paper with hydrochloric acid and a 
little potassium chlorate. 

The mixture of antimony and arsenic sulphides, obtained from the 
filtrate from the cuprous iodide, is treated similarly. To the combined 
solutions a little tartaric acid is added, then a good excess of ammonia, 
magnesia mixture (made from magnesium chloride), and one-third the 
volume of absolute alcohol ; the whole is allowed to stand, covered, for 
forty-eight hours, to enable the magnesium ammonium arsenate to 
precipitate completely. The precipitate is then filtered off, washed 
with a mixture of one volume of strong ammonia, three volumes of 
water, and two volumes of absolute alcohol, and weighed as magnesium 
pyroarsenate. 

The filtrate is gently heated to drive off the alcohol and most of 
the ammonia, acidified with sulphuric acid, and the antimony precipitated 
with sulphuretted hydrogen. The precipitate is filtered off and washed 
with weak sulphuretted hydrogen water. If the precipitate contains 
apparently only a few milligrams of antimony, it is dissolved on the 
filter with yellow ammonium sulphide, the solution evaporated to dry- 
ness in a porcelain crucible, then oxidised with nitric acid and the 
antimony weighed as antimony tetroxide, Sb 2 0 4 \cf. Antimony). In 
the case of larger quantities of antimony sulphide, the precipitate is 
washed off the filter paper into a porcelain dish, evaporated to dryness 
on the water-bath, after which the dish is covered and fuming nitric acid 
run in from a pipette ; the antimony sulphide is oxidised to the oxide 
and to sulphuric acid, with practically no separation of sulphur. Mean- 
while any antimony sulphide remaining on the filter paper is dissolved 
in a little ammonium -sulphide and the solution evaporated to dryness 
in a porcelain crucible on the water-bath. The contents of the dish are 
transferred to this crucible, oxidised with nitric acid, evaporated, the 
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sulphuric acid driven off, and the residue ignited in the open crucible, 
finally for a couple of minutes* over the blowpipe, and weighed as 
antimony tetroxide. 

Nickel, cobalt, iron, and also manganese are precipitated* together 
in the filtrate from the sulphide precipitate. The solution is heated <to 
boiling in a large porcelain ^lish, the sulphuretted hydrogen oxidised 
with bromine water, and the precipitation then effected with pure 
sodium or potassium hydroxide, the precipitate filtered off and washed 
with boiling water ; the mixture of hydroxides is then dissolved in hot, 
dilute sulphuric acid, with addition of a little aqueous sulphurous acid, 
the solution evaporated on the water-bath, and finally taken to dryness 
with a few drops of nitric acid. The residue, which should not smell of 
acid, is taken up with water, the solution cooled, neutralised with 
sodium carbonate, a little sodium acetate added (about six times the 
amount of the presumed iron), and the whole heated to boiling; after 
five minutes the basic acetate of iron is filtered off, redissolved in a little 
hydrochloric acid, the solution diluted with water, warmed, nearly 
neutralised with sodium carbonate, potassium iodide added, and the 
solution titrated with sodium thiosulphate. 1 Five cubic centimetres of 
carbon bisulphide should be added, shaken up, and allowed to stand for 
half an hour before titration with the thiosulphate. The filtrate is 
concentrated by evaporation, transferred to a weighed platinum crucible 
of ioo to 150 c.c. capacity, ammonium sulphate and excess of ammonia 
added, and the nickel and cobalt deposited together electrolytically in 
the platinum crucible (< cf. Nickel, p. 308). Any manganese present 
separates as a brownish black flocculent precipitate of hydrated peroxide, 
a portion of which deposits on the anode but which can be easily 
removed.* The hydrated manganese peroxide is collected on a small 
filter paper, washed with hot water, the filter with precipitate incinerated 
in a crucible, ignited strongly in presence of air, and weighed as Mn 3 0 4 . 

If the copper under investigation contains tin, this is separated as 
metastannic acid, together with antimonic acid and lead antimoniate, 
by boiling the diluted nitrate solution; the filtered solution is cooled and 
treated with potassium iodide, and so on. The dried precipitate is then 
fused with sodium csflrbonate and sulphur, the arsenic, antimony, and 
tin precipitated as sulphides, and dissolved in hydrochloric acid and a 
little potassium chlorate; this solution is heated gently for some time to 
remove free chlorine, cooled, treated with a considerable quantity of 
pure hydrochloric acid of sp. gr. 1*19, and the arsenic precipitated alone, 
as sulphide, by passing sulphuretted hydrogen for a considerable time 
(R. Finkener’s method). The liquid, after standing for several hours 
under a bell-jar, must still smell of sulphuretted hydrogen, otherwise 

1 Cf. Pszczolka, Chem. News , 1885, 47, ro 7 ; Parthiel,/. Iron and Steel Inst., 1890, I, 374; 
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solution of pure potassium thiocyanate ; a little copper, and the whole 
of the arsenic, antimony, tin, bismuth, nickel, cobalt, iron, and man- 
ganese remain in solution and are estimated by the methods described 
above (Method (a) ). 

To carry out the determination, 25 g. of copper are dissolved by 
warming in a large beaker with a mixture of 200 c.c. of water, 100 c.c. 
of pure sulphuric acid, and 45 to 46 c.c. of nitric acid (sp. gr. 1-21). 
According to the equation — 

3 Cu + 2 HNO 3 + 3 H 2 S0 4 •= 3 CuS 0 4 + 4H 2 0 + 2 NO, 

the amount of nitric acid used is sufficient for the oxidation of the 
copper, and very little excess remains in the solution. After diluting 
with 200 c.c. of water, the lead sulphate is filtered off and treated as 
described above (Method (a)). To decompose the nitric acid, sulphur 
dioxide is passed into the filtrate, warmed to about 40°, so long as red 
fumes are evolved. Further treatment with sulphur dioxide precipitates 
metallic silver, and the addition of a few drops of hydrochloric acid 
precipitates the remainder of the silver as chloride ; after standing for 
twenty-four hours, the silver precipitate is collected on an ash-free 
filter paper, the paper incinerated, and the silver chloride reduced by 
hydrogen to metallic silver, or it may be scorified with a little lead and 
then cupelled. 

The solution is then transferred to a 2 litre flask, a rapid current 
of sulphur dioxide passed in, and the amount of potassium thiocyanate, 
nearly sufficient for the precipitation of the copper added, little by little, 
in aqueous solution ; the strength of the potassium thiocyanate solution 
must have been previously ascertained by standardising with silver 
solution (?f. Silver, p. 117) ; 107-88 parts of silver are equivalent to 63-57 
parts of copper. About 5 00 c.c. of the thiocyanate solution should be 
sufficient for the precipitation of 25 g. of copper. The treatment with 
sulphur dioxide is discontinued as soon as the liquid, after shaking, 
smells distinctly of the gas. The delivery tube is then removed, and 
the flask filled to the mark with water ; the liquid cannot be mixed in 
the flask, on account of the dissolved sulphur dioxide, but must be 
poured into a large dty beaker and then well mixed by stirring. 

When the thiocyanate has settled fairly completely, the greater part 
of the solution is filtered through a dry pleated filter paper into a large 
dry beaker, and a measured portion, say exactly r8oo c.c., taken for 
analysis (cf. Method (a), p. 188). 

The sulphur dioxide is driven off by heating the liquid, and 
sulphuretted hydrogen then passed for some time. The filtrate from 
the sulphide precipitate contains a good deal of free sulphuric acid, 
owing to a considerable excess having been used for the solution of the 
copper in order to prevent the precipitation of basic salts of bismuth 
II N 
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and of antimony during the dilution to 2 litres ; before precipitating 
the nickel, cobalt, iron, and manganese with ammonia and ammonium 
sulphide, „or with sodium hydroxide, the greater portion of this free 
sulphuric acid should be removed by evaporating down and heating the 
concentrated solution on a sand-bath. The above metals are then 
precipitated from the solution, after againediluting, and their separation 
effected by the usual methods {cf. Method (a)). In the analysis of 
particularly pure brands of copper, 25 c.c. of sulphuric acid will suffice 
for 25 g. of copper. r 

For the calculation of the results, the volume occupied by the 
thiocyanate precipitate produced by 25 g. of copper must be known; 
according to Hampe, its specific gravity is 2-999. The amount obtained 
from 25 g. of copper thus occupies 15*983 c.c . ; hence, the supernatant 
liquid in the 2 litre flask occupies 2000— 15*983= 1984-017 c.c. Assum- 
ing that from 1800 c.c. of filtrate the arsenic obtained was 0-102 g., the 
amount in the whole 25 g. of copper would be 

0.102x1984.017 
K 1800 g ' 

Hampe tested this method very carefully and obtained excellent 
results. 

Copper, oxygen, sulphur, and phosphorus are determined in separate 
samples. Selenium and tellurium separate with the silver, on passing 
in sulphur dioxide ; they are determined as described on p. 202. 

For the determination of the noble metals, cf. the sections on Silver 
and Gold. 

2. Separate Estimations. 

The separate estimation of the several constituents in marketable 
copper is much more frequently required than the lengthy complete 
analysis. 

Copper. — Five grams of an average sample are dissolved in 20 c.c. of 
nitric acid of sp. gr. 1*4, and the solution diluted to 250 c.c. ; 50 c.c., 
corresponding to 1 g. of material, are then taken for the electrolytic 
deposition of the copper (pp. 159 et seq). This method is extensively 
used for blister-copper and for marketable coppef, in copper refineries. 
Impure copper, containing arsenic, antimony, and bismuth, is dissolved off 
the cathode, one portion examined for bismuth and a second portion pre-, 
cipitated with sulphuretted hydrogen and the copper sulphide separated 
from the impurities according to the sulphide method described on p, 169. 

Total Oxygen. — Ten grams of clean drillings are heated in a hard 
glass bulb, in a current of pure dry hydrogen, at a dull red heat for 
about an hour; the time, however, varies according to the size of 
the drillings; 1 for strips, two hours, for J-inch cubes, five hours, are 
1 Archbutt, Analyst \ 1905, 30, 385. 
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necessary, etc. The narrow end of the bulb-tube should be drawn out 
to a length of about 20 cm. In the case of samples containing much 
arsenic and antimony, these constituents volatilise partially aud form a 
mirror-like deposit in the narrow tube. Small quantities of sulphur 
(probably due to sulphur dioxide, absorbed by the copper) may !>e 
evolved in the form of sulphuretted hydrogen, which may be oxidised 
in a small bulb by means of a mixture of hydrochloric acid and bromine 
and subsequently estimated as barium sulphate. 

After allowing to cool and displacing the hydrogen by air, the loss 
of weight is ascertained ; this loss, less the sulphur, is equal to the total 
oxygen. Refined copper contains from o- 05 to o*2 per cent, of oxygen. 
Traces of oxygen have been found in electrolytic copper; its presence 
is due, in all probability, to enclosed copper liquor. 

If the copper contains very little arsenic and antimony, which has 
been'previously estimated, the heating in hydrogen may be carried out 
in a porcelain boat, placed in a combustion tube. 

The hydrogen is produced in a Kipp generator, from pure zinc and 
pure dilute sulphuric acid, and is purified and* dried by passing through 
small wash-bottles, containing an alkaline lead solution, silver nitrate 
solution, and distilled sulphuric acid respectively, and the drying 
completed by passing the gas through a U-tube containing pumice 
soaked in sulphuric acid. 

The estimation of the oxygen, present as cuprous oxide, which 
enables an estimate of the forms of combination of the impurities to be 
arrived at, is fully described in the original paper by Hampe (loc. czt.)} 

Sulphur. — The best method for this estimation is that proposed 
by Lobry de Bruyn. 2 Five grams (less in the case of blister-copper) 
are dissolved in pure nitric acid, the solution diluted, and the copper 
deposited electrolytically. To remove nitric acid, the solution is 
heated first over the free flame and finally on a water-bath ; the residue, 
which consists chiefly of ammonium nitrate, is evaporated twice with 
50 c.c. of pure hydrochloric acid, then taken up with hydrochloric acid 
and water, and the boiling solution precipitated with barium chloride 
solution. 

Phosphorus. — Tfiis element is seldom found in marketable copper, 
and then only in traces. If the copper be free from arsenic, a 
concentrated solution, containing but little free nitric acid, may be 
treated directly in the cold with molybdate solution and a considerable 
quantity of solid ammonium nitrate ; the precipitate of ammonium 
phospho-molybdate is filtered off after standing for twenty-four hours, 
and the precipitate treated as described later under phosphor-copper 
(p. 205). 

1 Cf. also, Fresenius, Qualitative Analysis, 7th ed., vol. ii., p. 404. 

2 Rec. Trav . Chim 10, 1 25 ; Ckem . Zeit. Rep. % 1891, 15, 354 ; J Chem. Soc. Abstr 1892, 62, 753. 



196 


METALS OTHER THAN IRON 


In the case of copper containing arsenic, which is present in most 
brands, io g. are dissolved in just sufficient nitric acid, the solution 
diluted 1 0^ 200 c.c. and treated with sodium carbonate, as in the estima- 
tion of bismuth by Jungfer’s method (p. 192) ; sufficient sodium carbon- 
ate is added to the neutralised solution to precipitate about 0-2 g. of 
copper. The hydrochloric acid solution *of the filtered precipitate is 
treated in a flask with 20 c.c. of aqueous sulphurous acid, then boiled 
until it no longer smells of sulphur dioxide, and diluted ; sulphuretted 
hydrogen is then passed into the warm solution, which precipitates 
copper, bismuth, lead, and arsenic as sulphides. The filtrate from this 
precipitate is evaporated, the residue again evaporated with 5 c.c. of 
nitric acid, taken up with a few drops of nitric acid and a little water, 
and treated with molybdate solution in the usual way. The phosphoric 
and arsenic acids are completely precipitated with the copper carbonate ; 
it is best, however, to warm the turbid liquid for several hours ^in a 
water-bath with frequent stirring, instead of simply stirring, as 
recommended by Jungfer. 

Arsenic. — This is rapfdly determined by E. Fischer’s distillation 
method. 1 The arsenic from 10 g. of copper is first precipitated as basic 
arsenate, together with copper carbonate, as described above, the precipi- 
tate filtered off, dissolved on the filter in a little concentrated hydrochloric 
acid, and the filter paper washed with concentrated hydrochloric acid ; 
to this solution, contained in a flask of about 300 c.c. capacity, 10 g. 
of ferfous sulphate and 75 cc * °f P ure fuming hydrochloric acid are 
added. (Instead of the ferrous sulphate, 10 g. of Mohr’s salt, or, 
according to Clark, 5 g. of solid cuprous chloride, 2 may be used.) A 
white rubber stopper, provided with a 3-mm.-wide tube, bent at an 
angle of 70° and having each limb xo cm. in length, is fixed into the 
neck of the flask ; the tube is connected, by means of a piece of strong 
rubber tubing, with a 50 c.c. pipette, the end of which dips several 
millimetres below the surface of air-free water, contained in a beaker. 

The flask is placed on an asbestos tray, the contents heated to 
boiling, and the heating continued until about half the liquid has 
distilled over ; the whole of the arsenic is thus volatilised as arsenious 
chloride. 8 The arsenic in the liquid is determined gravimetrically by 
gently warming, and then precipitating the arsenic as sulphide by 
means of sulphuretted hydrogen, filtering through a tared filter, drying 
for three hours at 105° to no 0 , and weighing the pure sulphide. 
As 2 S 3 x 0-6093 ^ As. 

F. Mohr’s volumetric method is equally accurate. The distillate is 
neutralised with sodium carbonate, 20 c.c. of a cold saturated solution 

1 Ber 1880, 13, 778 ; cf, also, Piloty and Stock, Ber ., 1897,30, 1649 ; Beck and Fisher, Chm « 

News , 1899, 80, 259. " 

2 Cf, Vol. I., p. 285. 3 Cf. also, the method described on p. 239, 
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of sodium bicarbonate are added, and a little freshly prepared starch 
solution, and the solution titrated with iodine solution (cf. Vol. I., 
p.122):— 

As 2 0 3 + 4I + 2H 2 0 = As 2 0 5 + 4HI. 

In Fischer’s distillation method, as later investigations have shown, 
several distillations are necessary for the complete volatilisation of the 
arsenic, unless very strong solutions of hydrochloric acid, or the gas 
itself, are used in the operation. jDdling 1 dissolves the copper in ferric 
chloride and hydrochloric acid, and continues to boil after complete 
solution has been effected, when the arsenic distils over as arsenious 
chloride; to raise the boiling point, and so ensure the complete 
volatilisation of the arsenic, T. Gibb 2 adds calcium chloride to the 
hydrochloric acid solution of ferric chloride. Beringer 3 found that on 
boiling a solution of ferric chloride and hydrochloric acid with copper 
containing 3-48 per cent, of arsenic, only 2-74 per cent, was volatilised 
by one evaporation ; whereas, with the addition of calcium chloride, the 
whole of the arsenic was volatilised. Usually*it is sufficient to work on 
I g. of copper; this should be completely dissolved in fifteen minutes. 
The arsenic in the distillate is determined by means of very dilute 
iodine solution. ( Cf also the following section on the Estimation of 
Antimony.) 

Antimony. — The separate estimation of antimony is seldom carried 
out; it is usually estimated in conjunction with arsenic in the filtrate 
from cuprous iodide or thiocyanate (cf. Complete Analysis, sections 
(a) and (b)). Brands containing much antimony, which are useless for 
alloys except ordinary cast brass, seldom come on the market 

An* excellent and rapid volumetric method for the estimation of 
antimony, and, at the same time of arsenic, in copper and cupreous 
materials generally, is due to Allan Gibb. 4 The ferric chloride and 
calcium chloride mixture, as used for the distillation of arsenic, solidifies 
at a temperature which is below that at which antimonious chloride is 
volatile, but, if the calcium chloride and ferric chloride be replaced by 
a saturated solution of zinc chloride, a temperature is readily attained 
at which antimonious chloride can be volatilised ; the antimonious 
chloride is, however, not entirely carried over into the condensing 
apparatus, a portion of it collecting in the neck of the distillation flask, 
owing to insufficient flow of gas to carry it over. Practically the whole 
of the hydrochloric acid is driven off before the antimonious chloride 
begins to volatilise, and it is essential, therefore, to introduce at this 
stage some material which shall cause a flow of gas sufficient to carry 
over the antimonious chloride. The difficulty is" surmounted by the 

1 Chem. News , 1863, 8 , « 7 * 3 Text Book of Assaying, 12th ed., 1910, p. 385. 

2 Ibid., 1882, 45, 218. 4 J. Soc . Chem. Ind., 1901, 20, 185. 
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introduction of hydrochloric acid when the requisite temperature has 
been reached. 

The interval in both time and temperature between the volatilisation 
of the arsenic and antimony allows of each of the chlorides being 
collected separately with absolute certainty. 

To ensure the reduction of the arsenate and antimoniate, it is well 
to dissolve part, at least, of the copper in the distillation flask, and it is, 
therefore, necessary that a reagent capable of bringing the copper 
rapidly into solution should be added to the acid solution of zinc 
chloride. As suitable mixtures of zinc and ferric chlorides solidify at 
temperatures below that necessary for the distillation of antimonious 
chloride, ferric chloride is not available as a solvent; a mixture of zinc 
and cupric chlorides with hydrochloric acid serves well, however, and 
such a mixture remains liquid at a temperature considerably over 200.° 

The process is carried out as follows : — The weighed sample is 
dissolved in nitric acid or aqua regia, and the solution, diluted to about 
250 c.c., heated nearly to boiling; in the absence of an appreciable 
amount of iron in the ssfmple, 1 c.c. of a saturated solution of ferric 
chloride is added, and then solid sodium bicarbonate, until a small 
permanent precipitate is produced in the hot solution. This precipitate 
carries down with it all the arsenic and antimony as basic ferric salts. 
The precipitate is allowed to settle, filtered off through a small filter 
paper, washed with hot water to remove nitrates, and introduced into 
the distillation flask with 50 c.c. of the mixture of zinc chloride, cupric 
chloride, and hydrochloric acid. 

This solution is made by mixing a saturated solution of zinc chloride 
with an equal volume of hydrochloric acid containing 100 g. of copper 
per litre, in the form of cupric chloride ; it should boil at about xo8°, 
and is accordingly concentrated or diluted as required. 

About 0-25 g. of pure electrotype copper must be introduced into 
the flask together with the precipitate to act 'as a reducing agent 
towards the arsenic and antimonic acids, though when the material 
under examination is metallic copper itself, a portion of the weighed 
sample may be reserved and used instead, as mentioned above. 

The most suitable apparatus for the distillation Is an ordinary round- 
bottomed 250 c.c. fractionating flask, in the neck of which is a rubber 
stopper provided with two holes, through which pass a thermometer 
reaching down to within half an inch from the bottom of the flask, and a 
small tap-funnel containing hydrochloric acid ; the stem of this funnel 
reaches about half-way into the body of the flask, and is, after being 
drawn out to a point, bent so as to carry the cold hydrochloric acid away 
from the thermometer, and so obviate the danger of cracking the bulb. 
The end of the delivery tube from the flask is bent and passed through 
a stopper in one arm of a three-bulb U~tube, standing in cold water, in 
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which the distillate is condensed; the JJ-tube contains just sufficient 
water to form a lute. The flask is first heated over wire gauze by a 
flame which just suffices to produce gentle ebullition, until the 
thermometer registers 115 0 ; the whole of the arsenic has by this time 
come over and the condensing tube is removed and a fresh one attached*. 
It is unnecessary to remove othe burner and so cool the flask during 
this changing of condensers, as no antimony will come over. The wire 
gauze is then removed and the flask heated over a free flame until the 
temperature reaches 150° to 160^ which occurs in from ten to fifteen 
minutes ; about 10 c.c. of hydrochloric acid are then run in cautiously 
from the tap-funnel. As the acid enters the flask, dense white fumes 
are evolved, and the flow is regulated so that a steady stream of gas 
passes from the flask ; care must be taken that no liquid acid falls on 
the fused zinc chloride. The heating is continued until the flask 
is cleared of fumes, when the temperature is usually about 200° ; the 
second distillate is then removed, the fittings of the flask discon- 
nected, and the contents allowed to cool, when the solidified chlorides 
rnay be removed with warm water. « 

The titration of the distillates is effected with iodine solution, made 
by dissolving 0-85 g. of iodine and 2 g. of potassium iodide in about 25 
c.c. of water and making up to a litre ; 1 c.c. of this solution is equivalent 
to 0-00025 g. of arsenic or to 0-0004 g. of antimony. The titration is 
carried out as follows : — The distillates are washed into separate flasks 
and a little tartaric acid added to the antimony distillate; the acid 
solutions are neutralised with ammonia, slightly acidified with hydro- 
chloric acid, and about 2 g. of sodium bicarbonate added to each. 
Starch solution is used as indicator, and it is necessary that this should 
be coloured by iodine before addition to the assay, as a considerable 
quantity of iodine, frequently 0-2 to 0-3 c.c., is required to effect a 
coloration, when using the weak standard solution employed in deter- 
mining the small amounts of arsenic and antimony usually found in 
cupreous materials. 

Bismuth. — This metal is one of the most detrimental of the 
impurities in copper ; as little as 0-05 per cent, of bismuth, present as 
metal, not as antiftioniate or arsenate, produces cold - shortness in 
copper, and also in a high degree red-shortness. For this reason, some 
refiners refuse copper containing bismuth. 

Jungfer’s method of estimating bismuth has been described above, 
p. 192. The following is the method employed at the “Konigliche 
chemisch-technische Versuchsanstalt ” at Berlin : — Ten grams of copper 
are dissolved in a beaker in 60 c.c. of nitric acid (sp. gr. 1*3), any 
residue being filtered off and fused with sodium carbonate and sulphur, 
as described under the heading, “ Complete Analysis,” section (a) ; the 
clear solution is so far neutralised with pure sodium hydroxide, that a 
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Congo red test paper is rendered only faintly blue, and is then trans- 
ferred to a 5 litre flask, diluted with 4 litres of distilled water, 5 g. of 
sodium chloride added, and the whole well shaken. (The sodium chloride 
keeps the small quantity of silver chloride in solution.) After standing 
f&r three days, the precipitate is completely settled, and the clear liquid 
may be syphoned off and filtered ; the precipitate is washed on the 
filter paper, dissolved in a little hydrochloric acid, the solution made 
slightly alkaline with ammonia, and the bismuth-iron-antimony precipi- 
tate filtered off, washed, and dissolved-, in a little hot nitric acid of sp. 
gr. 1-2. Sulphuretted hydrogen is then passed into the diluted solution, 
and the resulting precipitate is treated on the filter with yellow 
ammonium sulphide ; the bismuth sulphide, which remains behind, is 
dissolved in hot nitric acid (sp. gr. 1-2), the solution rendered slightly 
ammoniacal, and the washed bismuth hydroxide precipitate, which is 
now quite free from sulphuric acid, dissolved off the filter witli hot 
nitric acid, and the solution evaporated in a large porcelain crucible ; 
the residue is heated first on a hot-plate or sand-bath, then over a 
free flame, and finally gently ignited and weighed as bismuth oxide. 
Bi 2 0 3 x 0-8968 = Bi. 

The method of Fernandez-Krug and Hampe 1 is based on that of 
Fresenius and Haidlen 2 for the separation of copper and bismuth by 
means of potassium cyanide solution. Ten grains of copper are dissolved 
in 40 c.c. of nitric acid (sp. gr. 1-4) and the solution evaporated to 
dryness in a platinum or porcelain dish, on a water-bath, with 20 c.c. 
of dilute sulphuric acid (x to 1) ; the residue is heated on a hot-plate, 
until evolution of sulphuric fumes commences, the cooled mass dissolved 
by warming with 175 c.c. of a mixture of 25 c.c. of dilute sulphuric acid 
(x to x) and 150 c.c. of water, the solution cooled, and the lead 'sulphate, 
which is free from bismuth, filtered off. 

Bismuth arsenate, which is insoluble in nitric acid, may be separated 
in the first instance. The lead sulphate, after being weighed, is examined 
for antimony by fusing with sodium carbonate and sulphur, and the 
antimony, if present, determined in the aqueous solution of the melt, as 
in the case of a complete analysis. 

The filtrate from the lead sulphate is treated with 25 c.c. of 
hydrochloric acid (sp. gr. 1-125), diluted with water to 350 c.c., and a 
rapid current of sulphuretted hydrogen passed in until the precipitation 
of the copper is complete ; the precipitate is heated to nearly boiling 
on the water-bath for an hour, the bulky precipitate transferred to an 
iron-free filter paper and washed well with boiling water. The filtrate 
must be tested with sulphuretted hydrogen water, to ascertain if any 
copper remains in solution ; after concentrating by evaporation, this 

1 Private communication to Prof. Pufahl. 

2 Fresenius, Quantitative Analysis , 7th ed^, vol. ii., p. 403. 
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filtrate serves for the determination of the iron, nickel, and cobalt. The 
washed precipitate is transferred to a beaker, by means of a bone 
spatula, and by washing it off the filter paper with a little w&ter ; it is 
then stirred well with solid potassium cyanide until all the copper 
sulphide is dissolved, giving a pale yellow solution, which is gen fly 
warmed and poured through*the filter, which still retains a little copper 
sulphide ; if necessary, this residue of copper sulphide must be treated 
with a little hot potassium cyanide solution. The bismuth sulphide 
remaining in the beaker and on* the filter is washed with hot water, 
dissolved in warm dilute nitric acid, an excess of ammonia and 
ammonium sulphide added, and the whole heated for ten minutes in a 
water-bath; the precipitate is then washed, again dissolved in dilute 
nitric acid, and the bismuth precipitated as hydroxide by means of 
ammonia, which is added carefully, drop by drop, to slight excess ; any 
traces of copper remain in solution. The bismuth hydroxide is then 
dissolved in dilute nitric acid, the solution evaporated to dryness in a 
porcelain crucible, and the residue converted, by careful heating and 
ignition, into the oxide and weighed. • 

The Colorimetric Estimation of Bismuth , as described by C. and J. J. 
Beringer, 1 is rapid and deserves the special notice of technical chemists. 
It depends on the solubility of the dark brown bismuth iodide, Bil 3 , in 
potassium iodide solution, and the gauging of the bismuth content of 
the intense yellow to brownish yellow solution, after dilution to a 
specified volume, by comparison with standard solutions of Isnown 
bismuth content, square containing bottles of the same shape and 
size being employed. 2 According to the original description, the 
nitrate solution from 10 g. of copper is neutralised with sodium 
carbonafe, treated with i to 1.5 g. of sodium bicarbonate, boiled for ten 
minutes, the precipitate filtered off, dissolved in hot dilute sulphuric 
acid, an excess of sulphur dioxide and of an aqueous solution of 
potassium iodide added, the whole boiled and filtered, and the filtrate 
diluted to 500 c.c. ; 50 c.c. of the yellow solution are compared with the 
standard solutions. 

Pufahl prefers to precipitate the dilute sulphate solution with a 
slight excess of thiocyanate of potassium, in presence of sulphur dioxide, 
and then to treat the filtrate from this with 1 or 2 g. of potassium iodide 
and filter through a double filter ; boiling is unnecessary, as is also 
dilution to 500 c.c. One mg. of bismuth in 500 c.c. shows a distinct 
yellow coloration. The solutions to be compared must contain 
free sulphur dioxide. Lead does not interfere, as even considerable 
amounts of the yellow lead iodide dissolve in potassium iodide to a 

1 A Text-book of Assaying, C. and J. J. Beringer, 12th ed., 19x0, p. 223-4. Of* also, The 
Colorimetric Estimation of Small Quantities of Bismuth, this vol., p. 247. 

2 Cf. Heine’s Colorimetric Copper Assay, this vol., p. 180. 
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colourless solution. The comparisons^ should be made either in day- 
light or in white artificial light ; the electric arc light or incandescent 
gas light may be employed. 

A copper solution, free from bismuth, must be used as control ; 
Piifahl at first used copper sulphate, bought as chemically pure, and 
other preparations, as well as marketable copper, but all were found 
to contain traces of bismuth. 

Tin — This seldom occurs as an impurity in copper ; it is separated 
and determined as described under Complete Analysis, section (a). 

Selenium and Tellurium. — Small quantities of these elements are 
frequently found in certain brands of marketable copper. Pufahl 
examined an “Urmenta” copper, which gave a black deposit of 
selenium on solution in dilute nitric acid which was at first mistaken 
for gold ; the copper dissolved completely, however, in nitric acid of 
sp. gr. 1*4. It is possible that the presence of selenium in copper may 
account for the solution of a small quantity of gold, as it has frequently 
been noticed that wet methods give lower results than the dry assay 
for gold in copper. * 

During the solution of copper for complete analysis by Hampe’s 
method (Complete Analysis, section (b), p. 192), selenium goes into 
solution as selenic acid, H 2 Se 0 4 , and tellurium as tellurious acid, 
H 2 TeQ 3 ; both are precipitated quantitatively by the continued action 
of sulphur dioxide in the warm solution, the deposit consisting of 
a darh*red or blackish powder of the elements. Silver comes down at 
the same time. Should their presence be indicated in this way, the 
mixture of selenium, tellurium, and silver is treated with nitric acid, the 
solution evaporated, the silver precipitated by evaporation with a little 
hydrochloric acid, filtered off, and the selenium and tellurium** precipi- 
tated together by warming the solution with a few decigrams of 
hydroxylamine hydrochloride; 1 the precipitate is collected on a tared 
filter, then dried for four hours at about iio°, and weighed. 

Should more than a few milligrams be present, an approximate 
separation may be effected by H. Rose’s method, 2 as follows: — The 
material is transferred, as completely as possible, from the filter into a 
Rose’s crucible, and the filter paper re-weighecl ; the mixture of 
selenium and tellurium is then fused with at least twelve times its 
weight of potassium cyanide at a moderate temperature for ten minutes 
in a current of hydrogen, and the melt allowed to cool in hydrogen, 
extracted with hot water, the dark red solution of potassium telluride 
diluted considerably, and the tellurium precipitated, as a black 
crystalline powder, by passing air through the solution for several 

1 Cf. Keller, “On the Analysis of Refined Copper from Lake Superior,” /. Franklin Inst., 
1894, 823, 54 ; Berg . u. ffutten. Zeii 1894, 53, 410; J \ Soc . Chem. dnd., 1895, 14, 303. 

2 Rose-Finkener, Handbuch d. analytischen Chemie , vol. ii., p. 431. 
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hours ; tfie precipitate is collected on a tared filter, dried for four hours 
at ioo° to no 0 , and weighed. Selenium is estimated by difference. 

Pufahl is of opinion that there is no advantage in usinjj hydro- 
xylamine, as this precipitates the tellurium only on complete evaporation 
of the solution, followed by further heating ; aqueous sulphurous acid, 
on the other hand, effects the reduction at once. It is advisable to 
filter only after continued warming with repeated additions of sulphur 
dioxide, and to test the filtrate by further warming with sulphur 
dioxide. * 

Selenium gives first an orange-yellow turbidity, and then a red 
precipitate, which gradually becomes reddish black and at the same time 
covers the tellurium, which is precipitated simultaneously. As a rule, 
the determination of selenium and tellurium together is sufficient; the 
total amount of the two in good tough copper rarely exceeds o*oi per 
cent. 1 * Tellurium, in presence of selenium, may be easily detected 
qualitatively by gently warming a mixture of the two, in a test tube, 
with i or 2 c.c. of concentrated sulphuric acid ; according to von 
fJobell, the tellurium dissolves first, producing a cherry-red coloration ; 
on stronger heating, this coloration disappears and the presence of 
selenium is then indicated by the yellowish green colour of the boiling 
sulphuric acid. 

Selenium may be detected also by the characteristic odour pro- 
duced on burning, and tellurium by the formation of sodium telluride 
on fusion with sodium carbonate and powdered charcoal ; the cooled 
melt, treated with a little water, gives a purple coloration, which soon 
becomes turbid with separation of tellurium. 

^ 3. BLISTER-COPPER (BLACK COPPER) 

This is produced in the reducing and smelting of calcined high grade 
copper matte, and of oxidised copper ores, and also directly from copper 
matte by the copper Bessemer process ; rosette copper, tough copper, 
or marketable copper is obtained from it by refining. 

It is always impure, and contains from 5 to 20 per cent, of foreign 
elements in variable amounts. Iron and sulphur are always present ; 
in addition, the following may occur : lead, arsenic, antimony, bismuth, 
zinc, nickel, cobalt, tin, gold, silver, platinum, selenium, and tellurium. 

As bars are by no means homogeneous, an average sample is best 
obtained by drilling completely through a considerable number of bars 
and mixing the fine drillings well together before weighing out. 

The analytical examination is conducted essentially as described 
under Marketable Copper (Complete Analysis, sections (a) and (b), 
and also Separate Estimations, pp. 194 et seq .). The noble metals 

1 Egleston found 008 pep cent, of tellurium in a Colorado copper. As little as 0*03 per cent, 
in copper produces red- shortness. 
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are best estimated in the dry way by scorification and cupellation, 
or by the combined wet and dry method ( cf. Silver, p. 109). 

To determine the sulphur, the drillings are dissolved in strong 
nitric acid, as described under the sulphur estimation in copper 
pyrites, p. 184; it is to be borne in mind that lead sulphate may be 
contained in the insoluble residue, which r must, therefore, be extracted 
with ammonium acetate, and the lead reprecipitated with sulphuric 
acid (or else as chromate), and the sulphur in the insoluble matter 
calculated from this result. „ 

For the complete estimation of sulphur, the copper is heated in a 
current of chlorine, the volatile chlorides being collected in a receiver 
and treated by the usual methods. 

A copper nickel antimoniate is often found in very impure “ black 
copper ” containing antimony and nickel, which, when present in con- 
siderable quantity, renders the copper unsuitable for refining, except 
electrolytically. The investigations of Hampe have shown that this 
compound has the composition 6 Cu 2 0 . Sb 2 0 5 -f 8NiO . Sb 2 0 5 ; it is 
decomposed by fusion with sodium carbonate and sulphur, or with 
acid potassium sulphate. 

4. CEMENT COPPER (COPPER PRECIPITATE) 

Copper precipitate, produced from copper liquors and mine liquors, 
by means of iron (pig iron, scrap, and spongy iron), is usually moist 
and co«taminated by many foreign metals, and also by arsenic, antimony, 
basic salts of iron, etc. 

Sampling may be effected by taking a considerable quantity from a 
large number of bags, so that the total amount is, say, 25 kg. ; this is 
sieved through various sized metal sieves, loss through dusting being 
avoided, so that three or four different products are obtained, portions 
of each of which are taken, in the ratios of their respective weights, so 
that ultimately a sample of from 100 to 200 g. is obtained for analysis. 

For the analysis, a solution of 100 g. is prepared and diluted to 2 
litres; in one portion of the solution copper, bismuth, arsenic, antimony, 
lead, and iron are determined, according to the methods described for 
marketable copper ; the noble metals are assayed in the dry way. 

Moisture is determined on a separate sample, of several hundred 
grams by heating to 100°. 

Chlorine is determined by boiling 50 g. with about 300 c.c. of very 
dilute nitric acid (one volume sp. gr. 1-2 to ten volumes water), filtering, 
and precipitating a tenth part of the filtrate with silver nitrate. 

5. COPPER -SCALE, SWEEPINGS, AND RESIDUES 

In the absence of dirt, particles of wood, etc., the material is crushed, 
and a large sample, weighing several kilograms, sieved through metal 
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sieves of various mesh, and proportional parts are mixed, from which 
a sample of about 50 g. is weighed out ; pieces of iron are removed 
with a magnet. The remainder is warmed for an hour in a covered 
porcelain dish on a water-bath with 30 o c.c. of ordinary hydrochloric 
acid, 30 c.c. of nitric acid (sp. gr. 1-2) being added, little by little; a 3 
soon as effervescence has censed, the solution is cooled, diluted, and 
washed into a litre flask ; 50 c.c. are then withdrawn, evaporated down 
with 5 c.c. of sulphuric acid, the residue taken up with water, a little 
nitric acid added to the solution and the copper deposited electro- 
lytically on a cone. The filtered sulphate solution may also be 
precipitated with sodium thiosulphate, and the sulphide dissolved and 
determined volumetrically. 

Clean copper scale may be dissolved in concentrated nitric acid, and 
the solution, after dilution, electrolysed. 

Sweepings containing organic matter are first burnt, then sieved, 
and, when any amount of metallics is visible, the material is then 
warmed for one or two hours with nitric acid, a little hydrochloric acid 
b£ing also added. The solution is then dikited considerably, and so 
much taken as corresponds to from 2 to 2*5 g. of material; this is 
evaporated with sulphuric acid and treated as usual. Should the 
material consist almost entirely of oxides, it is dissolved in hydrochloric 
acid, with the addition of a little nitric acid. 

6. PHOSPHOR-COPPER, SILICON-COPPER, AND MANGANESE-CAPPER 

- Phosphor-copper is principally added to bronze alloys as a 
deoxidising agent, in place of red phosphorus; silicon-copper is used 
in the manufacture of silicon bronze (for. telegraph wires, etc.) ; 
manganese-copper is employed in the manufacture of manganese-zinc- 
copper alloys, such as delta-metal, etc. They are made, as a rule, from 
very pure copper. 

All these alloys are brittle and easily reduced to powder ; they are 
analysed in the form of very fine powder. 

Phosphor-copper. — This contains up to 20 per cent, of phosphorus. 

Determination of Phosphorus . — Half a gram of the very finely powdered 
material is heated for a considerable time in a porcelain dish, over 
a very small flame, with 10 c.c. of nitric acid (sp. gr. 1-4) ; if, at the 
end of half an hour, any material be still undissolved, a few drops of 
hydrochloric acid are gradually added, in which case the solution 
obtained is evaporated with 10 c.c. of ordinary nitric acid. (Phosphor- 
copper dissolves more rapidly in aqua regia, but a considerable amount 
of phosphorus volatilises as chloride.) The residue from the evapora- 
tion is taken up with a little nitric acid and water, any silica filtered off, 
ammonia added in excess, and the phosphoric acid precipitated with 
magnesia mixture. Traces of copper in the double-salt have practically 
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no influence on the result, the washed ammonium magnesium phosphate 
may, however, be dissolved in dilute hydrochloric or nitric acid, and 
reprecipitated pure by* the addition of a little magnesia mixture. The 
precipitate is converted into magnesium pyrophosphate, and weighed. 
Mg 2 P 2 0 7 X 0*2784 = P. 

Pufahl prefers to precipitate the phosphoric acid with molybdate, 
and then to further treat the precipitate by R. Finkener’s method. 1 
One-fifth of the solution of 0*5 g. of material is concentrated to about 
10 c.c, by evaporation in a porcelain dish of 250 c.c. capacity, 150 c.c. of 
molybdate solution, prepared according to Finkener’s instructions (see 
below), added, and as much ammonium nitrate as will dissolve in the 
cold ; the phosphoric acid is precipitated quantitatively, as ammonium 
phospho-molybdate, in from twelve to eighteen hours. The precipitate 
is filtered through a stout filter paper which has been moistened with 
concentrated ammonium nitrate solution, and is washed with a 20 per 
cent, solution of ammonium nitrate, containing a little nitric acid ; a 
single final washing may be given with 5 per cent nitric acid (5 c ; c. 
nitric acid of sp. gr. 1*2* in 100 c.c.). The precipitate is washed, fiy 
means of as little water as possible, into a weighed porcelain crucible, 
which is then placed on a water-bath and heated to boiling; any 
precipitate remaining on the sides of the dish and on the filter paper 
is dissolved in a little dilute ammonia, the filter washed three times with 
a little water, and the solution and washings evaporated in a porcelain 
crucible on the water-bath. Should the volume be only a few cubic 
centimetres, a drop of ammonia is added, and the solution transferred 
to the weighed porcelain crucible by the aid of a few drops of water ; 
after the addition of a few drops of nitric acid, the solution is 
evaporated to dryness on the water-bath. In order to drive off the 
ammonium nitrate and to convert the phospho-molybdate Into a 
■weighable phosphorous compound, the crucible is heated on a sand- 
bath, the temperature being gradually increased, until a watch-glass, 
laid on the crucible for an hour, no longer shows a sublimate of 
ammonium nitrate ; strong heating is not necessary. Should a portion 
of the yellow salt become greenish black through too strong heating, 
with consequent partial reduction of the molybcfic acid, this has no 
appreciable effect on the result. The crucible, while still warm (over 
ioo°), is put into a desiccator over sulphuric acid to cool for half an 
hour, and is weighed, covered. Or, the molybdate precipitate may be 
filtered on to a tared filter paper, dried, and weighed. The yellow salt 
contains 3*753 per cent, of phosphorous pentoxide, or 1*639 per cent, of 
phosphorus. 

The molybdate solution is prepared as follows : — Eighty grams of 
ammonium molybdate are shaken with 640 c.c. r of water and 160 c.c. 

1 Ber 1 878, II, 163 ; J, Chem . Soc. Abstr ., 1879, 36, 275. 
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of ammohia (sp. gr. 0*925) in a flask until dissolved, and this solution 
poured in several portions, with continuous stirring, into a well-cooled 
mixture of 960 c.c. of nitric acid (sp. gr. I • 1 8) and 240 c.c. of water; the 
clear solution is syphoned off and kept in a stock-bottle, covered with a 
beaker or other loose cover; if kept in a tightly stoppered bottle;^" 
considerable quantities of a ♦yellow acid ammonium molybdate soon 
begin to separate. 

Excess of this solution must be employed for the precipitation, so 
that, as Finkener states, not more than two-thirds of the quantity added 
will be actually required to form ttie yellow precipitate. 

If arsenic acid be contained in the assay solution, this comes down 
in the main as ammonium arseno-molybdate ; dissolved silica is also 
precipitated ; these must, therefore, be both removed beforehand (cf 
Separate Estimations, Phosphorus, p. 195). 

Determination of Copper . — One gram of the fine powder is dis- 
solved in a covered porcelain dish by means of a mixture of 10 c.c. of 
nitric acid (sp. gr. 1*2) and 5 c.c. of ordinary 25 per cent, hydrochloric 
a£id, the solution evaporated down with 1 to } c.c. of distilled sulphuric 
acid, 10 c.c. of water added, and the evaporation repeated ; the residue is 
then dissolved in water and electrolysed, after acidifying with nitric acid. 

Silicon-Copper. — This usually contains about 12 per cent, of 
silicon. For the analysis, 1 g. of the finely powdered material is heated 
for some time in a covered porcelain dish with 10 to 20 c.c. of nitric 
acid (sp. gr. 1*4), finally 1 to 2 c.c. of hydrochloric acid addgd, the 
mixture again warmed, then evaporated with 2 c.c. of sulphuric acid, and 
the residue heated until sulphuric acid vapours are given off; the silica 
is thus rendered insoluble. The residue is taken up with water, the 
solution unarmed, the silica filtered off, washed with hot water, and the 
copper precipitated from the filtrate. The filter paper with the silica 
is burnt wet in a platinum crucible and finally ignited strongly. After 
being weighed, the silica is tested as to purity, by dissolving it in 10 c.c. 
of pure hydrofluoric acid and a drop of sulphuric acid, the solution 
evaporated, the evaporation repeated with sulphuric acid, and any 
residue of copper oxide strongly heated in presence of air, and weighed. 
Si 0 2 x 0*4693 = Si. • 

Manganese-Copper. — The manganese content varies, and may 
be as high as 40 per cent. The products of the Isabellenhutte, in 
Nassau, for instance, contain 4, 10, 15, and 30 per cent, of manganese, 
and are respectively copper-red, reddish grey, yellowish grey, and grey 
in colour. Sampling is effected by drilling a few ingots and mixing the 
fine drillings thoroughly. Manganese-copper always contains a little 
iron (1 to 2 per cent.), a little silicon, and the impurities from the 
copper used. 

The analysis is carried out as follows : — One gram of drillings is dis- 
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solved In a covered porcelain dish. In io to 15 c.c. of dilute nitric 
acid, the solution evaporated with 2 r c.c. of sulphuric acid, the silica 
rendered insoluble by further heating, the cooled residue then warmed 
with sulphuric acid and water, the solution filtered, and the silicon 
"determined as in the case of silicon-copper; any lead is retained as lead 
sulphate with the silica, and is dissolved#, out by treatment with a hot 
solution of ammonium acetate. The filtrate is diluted to 400 or 500 
c.c, a few cubic centimetres of sulphuric acid added, the copper precipi- 
tated by passing sulphuretted hydrogen into the warm solution, the 
precipitate of copper sulphide washed with water containing a little 
sulphuric acid and sulphuretted hydrogen, and either converted into 
sulphide by Rose’s method (p. 169), or dissolved in nitric acid, and the 
solution electrolysed (p. 163). The filtrate from the copper sulphide is 
evaporated in a porcelain dish, and, after the sulphuretted hydrogen has 
been driven off, oxidised with a few drops of bromine watef and 
concentrated to about 200 c.c. ; the cooled solution is made up to 300 
c.c. in a graduated flask, and one-third of this taken for the estimation 
of the iron, by reduction^ with amalgamated zinc and titration wifh 
potassium permanganate ; the remaining two-thirds are used for the 
determination of the manganese by titration with permanganate 
(Volhard’s method, pp. 34 et seq.). The results of two analyses by 
Pufahl are given in the following table : — 



Cu. 

Mn. 

Si. 

Fe. 

Ni. 

Pb. 

to 

68-39 

29*94 

0-07 

1*29 

0-19 

0*06 

to 

56*29 

40*86 

1-08 

1*5 

0*1 

trace 


7. ALLOYS OF COPPER WITH TIN, ZINC, LEAD, IROI<MANGANESE, 

AND NOBLE METALS 1 

Copper alloys are always either attacked or dissolved by nitric acid ; 
alloys rich in tin are analysed in the form of turnings or flattened 
chippings. 

(a) Bronzes 

(Bell metal, gun metal, phosphor-bronze, ptesphor-lead bronze, 
machine brasses, manganese bronze, statuary and medallion bronzes, 
silicon-bronze.) 

One gram of drillings is treated with 10 c.c. of pure nitric acid 
(sp. gr. 1-4) in a covered round-bottomed porcelain dish, standing in 
cold water ; or a platinum dish, of about 300 c.c. capacity and completely 
covered with a clock-glass, may be used for the purpose. At the end of 
half an hour the dish is heated on a water-bath, and, after nitrous fumes 

1 For copper-nickel alloys and German silver, see Nickel ; foj white metals (anti-friction 
alloys) and britannia metal, see Tin ; for aluminium bronzes, see Aluminium. 
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have disappeared, ioo c.c. of hot water are added, and the whole boiled 
for five minutes over a free flame ; the metastannic acid is filtered off 
on a stout ash-free paper, washed with hot water, dried, the filter paper 
burnt and put into a porcelain crucible ; the precipitate itself is then . 
added, and the whole strongly ignited for ten minutes, allowed to cool 
in a desiccator for half an hour ,*and weighed. Sn 0 2 X 0*7881 = Sn. 

The filtrate from the metastannic acid is evaporated on a water- 
bath, in a flat porcelain dish of about 1 5 cm. diameter, with 2 c.c. of 
sulphuric acid, the residue dissolved in 30 c.c. of water, the dish cooled 
by floating it on cold water, the lead sulphate filtered off at the end of 
an hour on a small filter, washed several times with water containing a 
little sulphuric acid (0*5 c.c. acid to 100 c.c. water), and finally with pure 
water, then dried, and the paper incinerated at a low temperature in a 
porcelain crucible; if lead prills are formed, the residue is warmed with 
a little dilute nitric acid on the water-bath, a drop of sulphuric acid added, 
the excess of acid evaporated off, and the residue ignited. The larger 
portion of the lead sulphate is previously transferred from the filter 
paper to a sheet of glazed paper, and is now aTlded to the contents of 
the crucible. PbS 0 4 x 0*683 1 = Pb. 

The filtrate from the lead sulphate is transferred to a platinum 
crucible, of about 150 c.c. capacity, treated with 5 c.c. of sulphuric acid 
and 0*2 to 0*5 c.c. of nitric acid (sp. gr. 1*2), and the copper determined 
electrolytically. The copper is completely deposited in from six to 
seven hours, or, at all events, only a minute quantity, seldom amounting 
to more than a milligram, remains in solution at the end of this time. 

The solution from the deposition of the copper is warmed, sulphuretted 
hydrogen passed in, any copper sulphide filtered off through a small 
filter, washed hot water, as the copper sulphide obtained does not 
oxidise readily, and ignited in air ; the small quantity of copper sulphide 
is converted into the oxide, which is weighed. CuO x 0*7989 = Cu. 

If the total amount of metals found as copper, tin, and lead amounts 
to approximately 100 per cent., the filtrate from the copper sulphide 
may be evaporated down over a small flame, for the estimation of any 
iron and nickel. Th£ sulphuric acid is evaporated off, without the 
solution being allowed to boil, and the residue ignited ; should this 
consist merely of a reddish skin of ferric oxide, it is dissolved by warm- 
ing with a little hydrochloric acid, the solution diluted with from 20 to 
30 c.c. of water, warmed to about 70°, a little potassium iodide added, 
and, after stirring well, with the addition of 5 c.c. of carbon bisulphide, 
the solution is allowed to stand for half an hour, and the free iodine 
titrated with standard sodium thiosulphate. Should the above residue, 
however, consist in part of compact pieces, small quantities of zinc and 
nickel may be present in addition to iron, in which case it is dissolved 
in a few cubic centimetres of hydrochloric acid, evaporated with a few 
II o 
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drops of sulphuric acid, the residue #taken up with water, and the zinc 
precipitated as sulphide by means of a current of sulphuretted hydrogen, 
which is passed for some time through the diluted solution, after 
neutralising with sodium carbonate (using Congo red paper ars indicator), 
and then slightly acidifying with sulphuric acid (cf. Zinc). The filtrate is 
boiled in a porcelain dish, excess of b?omine water added, the nickel 
and iron precipitated with sodium hydroxide, and the precipitate 
filtered, washed, and ignited ; the mixed oxides of iron and nickel are 
weighed, then dissolved in hydrochloric acid, the iron estimated volu- 
metrically as above and calculated to ferric oxide, and the nickel oxide 
estimated by difference. NiO x 0-7858 = Ni. 

Instead of the foregoing, the iron may be precipitated from the iron and 
nickel solution as basic acetate, and the nickel determined in the filtrate 
by precipitation with sodium hydroxide and bromine water, and weighed 
as oxide. 

Should a separate determination of nickel not be required (it 
seldom amounts to more than 0*2 per cent.), the method may be 
simplified by adding a flight excess of sodium carbonate to the difute 
hydrochloric acid solution of the ignited residue, boiling for five 
minutes, filtering off the impure basic zinc carbonate, washing with 
hot water, and drying ; the precipitate is then transferred to a porcelain 
crucible, after the filter paper has been burnt and ignited, so as to con- 
vert it into impure zinc oxide (containing iron and probably nickel), 
ancTweighed ; the oxides are dissolved in a little hydrochloric acid, the 
iron titrated as above, calculated to ferric oxide, and subtracted from 
the above weight, ZnO X 08034 = Zn. 

Bronzes which contain Zinc. — (Machine brasses, bearing metals, 
statuary and medallion bronzes.) 

When the total of copper, tin, and lead leaves a deficit of over 1 
per cent (zinc), the zinc is precipitated by means of sulphuretted 
hydrogen from the diluted solution, which must be very slightly acid 
with a mineral acid, and the zinc sulphide weighed (cf. Zinc). Iron 
and nickel are precipitated together in the filtrate from the zinc 
sulphide and are determined as described above. 

The presence of manganese, which is introduced as manganese- 
copper into some copper-tin-zinc alloys, such as manganese bronze, is 
indicated by the violet colour of the liquid at the anode, during the 
electrolytic deposition of the copper, and also by the separation of a 
flocculent precipitate of hydrated peroxide of manganese. If present, 
the solution, after the separation of the copper, is evaporated down, the 
greater part of the s sulphuric acid removed by evaporation, the residue 
diluted, neutralised with sodium hydroxide, the zinc precipitated with 
sulphuretted hydrogen, and the manganese* and iron precipitated 
together in the filtrate from the zinc sulphide by means of sodium 
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hydroxide and bromine water ; * this precipitate is washed, the 
hydroxides, which still retain alkali, dissolved in the smallest possible 
quantity of hydrochloric acid with addition of a few drops of an* aqueous 
solution of sulphur dioxide, excess of ammonia added, and then a few 
drops of pure hydrogen peroxide ; after heating for a short time, the 
precipitate is filtered off, dried, ignited strongly in an open porcelain 
crucible, and weighed as Mn 3 0 4 +Fe 2 O s . The oxides are then dissolved 
in hydrochloric acid and the iron titrated, the corresponding amount 
of ferric oxide being subtracted from the weight of the mixed oxides. 
Mn 3 0 4 x 07203 == Mn. 

A more accurate determination of the manganese, which is usually 
very small in amount, is seldom necessary. If required, however, the 
iron is precipitated from the solution of the two oxides as basic acetate, 
and the manganese precipitated from the filtrate by adding bromine 
water in excess to the cold solution, followed by an excess of ammonia 
and boiling ; the precipitate is allowed to settle, filtered, washed with 
hot water, dried, ignited, and weighed as Mn 3 0 4 . 

The following rapid method for the analysis bf bronzes and bearing 
metals has been worked out by M. E. Walters and O. L. Affelder 1 : — 

Bronzes . — One gram of material (or, if the lead content is over 1 5 per 
cent, only 0-5 g.) is decomposed by warming with 10 c.c. of nitric 
acid (sp. gr. 1-42), 40 c.c. of hot water added, and the whole boiled 
for five minutes. The precipitated oxide of tin is washed with 2 per 
cent, nitric acid, ignited, and weighed To the filtrate 25 c.cT of 
strong ammonia are added, the solution heated to boiling, then 5 g. of 
ammonium persulphate added, and the boiling continued for five 
minutes; after acidifying with sulphuric acid, the precipitated lead 
peroxide is washed with hot water, the precipitate and filter 

transferred to a beaker, well agitated, 600 to 700 c.c. of cold water added, 
and then about 3 g. of potassium iodide, and starch. After the potassium 
iodide has dissolved, 10 c.c. of hydrochloric acid (1 to 1) are added, the 
whole well stirred and titrated with JV/20 thiosulphate solution, until the 
colour changes from dark to very pale yellow; the number of cubic 
centimetres of thiosulphate solution used, multiplied by 0-5178, gives the 
percentage of lead. The lead may also be determined gravimetrically. 

The filtrate from the lead peroxide is diluted to 500 c.c., heated to 
boiling, and treated with 50 c.c. of a 20 per cent, sodium thiosulphate 
solution, for precipitation of the copper ; the precipitate is washed with 
hot water, dissolved, and the copper determined volumctrically. In the 
filtrate from the copper precipitate, the iron and aluminium are 
determined as usual, and then the manganese precipitated by boiling 
the ammoniacal solution with ammonium persulphate. 

Excess of ammonium, phosphate is added to the filtrate from the 
1 J. Amer* Chem. Soc 1903, 25, 632 ; Z. a?igew. Chem, 1903, 16 , 1081. 
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manganese precipitate, the liquid heated to boiling, hydrochloric acid 
added gradually until only a slight smell of ammonia can be detected, 
the whole then boiled for several minutes, filtered, the precipitate 
washed with hot water, and then dried at ioo° to 105° and weighed 
as zinc ammonium phosphate, ZnNH 4 P 0 4 ; x or, it may be ignited and 
weighed as zinc pyrophosphate, Zn 2 P 2 0 § 7 . 

Any nickel is precipitated as sulphide in the filtrate from the 
zinc precipitate. 

Small quantities of manganesemmy be estimated colorimetrically in 
a separate sample. 

Phosphorus is precipitated as ferric phosphate in a separate sample, 
dissolved in nitric acid, lead, tin, and copper being first precipitated by 
metallic zinc ; the phosphorus is then determined in the ferric phosphate 
by the molybdate method. 

Bearing Metals . — These usually contain antimony. The antimony 
and tin are first determined together as oxides, Sb 2 0 4 +Sn 0 2 , as 
described above, and the antimony determined in a separate sample as 
sulphide, either by Anfirews’ method 2 or as metal. Tin and antimony 
in bearing metals are also often determined volumetrically. Arsenic 
is determined in a separate portion by the distillation method. Other 
metals are determined as in the analysis of bronzes. 

If bismuth be present, it can be precipitated with the copper 
as sulphide, and then separated by dissolving in nitric acid and pre- 
cipitating with ammonia. 

The presence of manganese is very quickly detected by decomposing 
a few decigrams of the alloy in a test tube with a little nitric acid, boil- 
ing off nitrous fumes, diluting with water, adding dilute silver nitrate 
solution, and a small quantity of solid ammonLm n » 'persulphate ; on 
warming, a violet coloration, due to permanganic acid, is obtained. 

Impurities in the Stannic Acid and their Determination. — A 
yellowish or brownish coloration of the metastannic acid indicates 
contamination with ferric oxide ; other possible impurities are antimonic 
and phosphoric acids and traces of cupric oxide. 

As a rule, in technical work, it is sufficient r to test qualitatively for 
arsenic and antimony. This is effected by fusing the stannic acid 
until the melt is tranquil with about 2 g. of potassium hydroxide in an 
iron or nickel spoon 35 mm. in diameter, 10 mm. deep, and provided 
with a handle 150 mm. long; the fusion is carried out over a large 
Bunsen burner $nd the precaution taken to wrap the hand in a towel 
and to keep the face turned away. When the melt has cooled, it is 
dissolved by stirring for a few minutes in a beaker with about 25 c.c. 
of water, the solution treated with 25 c.c. of pure 25 per cent hydrochloric 
acid and tested in a simple form of Marsh's apparatus, employing pure 
1 Z. anal. Chem ., 1900, 39, 273. 2 /. Amer. Chem . Soc. } 1895, 17, 872. 
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granulated zinc; a large test tube % (iSo mm. long and 30 mm. wide) 
serves the purpose quite well. About 10 g. of pure zinc are first 
introduced, followed by the solution to be tested, then a plug of cotton 
wool 30 to 40 mm. thick inserted, and finally a rubber stopper, provided 
with a short glass tube drawn out to a jet, on to which the platinum 
nozzle of a blowpipe is fixed. A glazed porcelain plate is held in the 
hydrogen flame, on which a series of deposits are produced in the usual 
way ; 1 mg. of arsenic or antimony produces an immediate brown to 
dull black spot on the plate. Brpwn arsenic sublimates disappear 
immediately on treatment with a solution of sodium hypochlorite; 
antimony sublimates are practically unaffected. If similar deposits are 
made by using solutions containing known amounts of arsenic and 
antimony, it is possible to say, from the character of the sublimate 
obtained, whether more than a trace or over one-tenth per cent, of these 
impurities is present in the alloy under investigation. 1 

Should notable amounts of antimony and lead be found in bronze, 
it is probable that scrap metal has been used in the manufacture, such 
as, for instance, turnings from bearing metals, ^rendered impure by a 
coating of white metal. Bronzes made from the best materials should 
contain very little lead (o*i to o* 2 per cent), due to the lead contained 
in commercial zinc, and traces only of arsenic and antimony. 

For the quantitative estimation of the impurities, the stannic acid is 
fused in a porcelain crucible with six times its weight of a mixture of 
equal parts of sodium carbonate and sulphur (or the same quantity* of 
dehydrated sodium thiosulphate), the melt extracted with hot water 
and the solution filtered ; copper, iron, and any small quantity of lead 
remain on the filter paper as sulphides, whilst tin, arsenic, and antimony 
go into soluC^^as^sulpho-salts. The sulphides of iron and lead are 
dissolved by dropping hot dilute hydrochloric acid on to the filter; 
copper sulphide remains undissolved. The lead is separated by evapo- 
rating with a few drops of sulphuric acid, and the iron precipitated from 
the filtrate with ammonia, after the addition of a little bromine water, 
and either weighed as ferric oxide, after ignition, or determined volu- 
metrically. The small quantity of copper sulphide, after being washed, 
is converted into cupri?: oxide by ignition in a platinum crucible, and 
weighed. The dark yellow solution of the sulpho-salts is treated 
according to Hiepe’s method. 2 It is heated to boiling with pure sodium 
hydroxide solution, and small quantities of a solution of hydrogen 
peroxide added little by little, but not to complete decolorisation ; by 
this means the sulphur, in excess of that contained as ‘sodium sulphide, 
is oxidised as far as possible ; should the decolorisation have become 

1 The methods for the detection and approximate estimation of small quantities of arsenic are 
fully described in Vol I., pp. 362 ei seg . 

2 Chem . ZeiL, 1889, 13, 1303 ; /, Soc. Chem. Ina 1890, 9, 109, 
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complete, a slight addition of sodium sulphide is necessary Before the 
precipitation of the sulphides with sulphuric acid. The solution is 
acidified with sulphuric acid, heated for some time to drive off 
sulphuretted hydrogen, and the precipitated sulphides, which now con- 
tain only traces of free sulphur, filtered off and washed with hot water 
containing a little ammonium acetate and acetic acid. The sulphides 
are then dissolved in hydrochloric acid and potassium chlorate, fuming 
hydrochloric acid added, and the arsenic precipitated by passing 
sulphuretted hydrogen for a considerable time ; the filtrate from the 
sulphide of arsenic is warmed with a little bromine water, and the tin 
and antimony separated in the solution, after a certain amount of 
dilution, by means of pure iron (cf Analysis of White Metal, p. 258). 
The antimony is ultimately weighed as tetroxide, Sb 2 0 4 , and the 
arsenic as magnesium pyroarsenate, Mg 2 As 2 0 7 (cf Arsenic, p. 272). 
Phosphorus, if contained in the alloy, is estimated in a separate sample 
(cf Phosphor-Bronze), and the corresponding amount of phosphoric 
acid deducted from the impure stannic acid, although the phosphoric 
acid does not come dqjvn quantitatively with the stannic acid. The 
result obtained by weighing the pure stannic oxide, obtained finally 
from the filtrate from which antimony has been precipitated by iron, is 
more accurate than that arrived at by subtracting the weight of foreign 
oxides from the weight of impure stannic oxide, and so estimating the 
pure stannic oxide by difference. 

This lengthy and tedious process is naturally only employed when 
an accurate analysis of the bronze is required In this case, about 1 g. 
of the alloy is first tested for arsenic and antimony by dissolving it in 
20 c.c. of pure hydrochloric acid and a little potassium chlorate, diluting 
to 50 c.c., and testing in a simple form of Marsh's apgargjj^r; should the 
presence of arsenic and antimony be proved qualitatively, the impure 
stannic oxide is fused, and the analysis conducted as described. 

Phosphor-Bronze — The method of analysis is the same as that for 
ordinary bronze ; the phosphorus is estimated in a separate sample. 
The method employed by Pufahl 1 is as follows: — Chre gram of fine 
drillings is treated in a deep, covered porcelain dish of about 10 cm. 
diameter, with 7 c.c. of nitric acid (sp. gr. 1*4); after standing for five 
minutes, the dish is placed on a water-bath, heated to boiling, at the 
end of ten minutes the cover-glass removed, and the free acid evaporated 
off. The residue is stirred with 10 c.c. of hydrochloric acid, again 
evaporated to dryness, the brown residue dissolved by warming with 
10 c.c. of dilute nitric acid, the dish removed from the water-bath, and 
50 c.c. of molybdate solution and 15 g. of solid ammonium nitrate 
added ; the whole ' is well stirred until the ammonium nitrate has 
dissolved. The yellow precipitate of ammonium phospho-molybdate is 

1 Cf Kerl, Fortschritte in der MetaUurgische 7 i Probierkunsi; 1887 , p. 92. 
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filtered off, after standing for twelve hours, and treated by Finkener’s 
method, as described under Phosphor-Copper, p. 206. 

Small quantities of the yellow precipitate (from bronze containing at 
most o*2 per cent, of phosphorus), are dissolved off the filter with dilute 
ammonia, the filter paper washed with a little water, the solution 
evaporated down to from I tp 2 c.c. in a tared porcelain crucible of 
50 mm. diameter, a drop of ammonia added, the crucible shaken round, 
and the phospho-molybdate reprecipitated with 1 to 2 c.c. of nitric acid ; 
the whole is then taken to dryness and the ammonium nitrate removed 
by heating on a sand-bath (cf. Phosphor-Copper). 

Should the phosphor-bronze contain arsenic, which is seldom the 
case, since specially pure copper is used in its manufacture, the brown 
residue is taken up with hydrochloric acid and water, the solution 
diluted to 500 c.c., warmed, then sulphuretted hydrogen passed in, the 
bulky precipitate, containing copper, tin, arsenic, and probably lead, 
filtered off and the filtrate evaporated to dryness ; the residue is washed 
into a small dish of 10 cm. diameter, evaporated with 10 cc. of nitric 
aeid, and the phosphoric acid precipitated a^s before with molybdate 
solution. 

The same procedure is followed in estimating the phosphorus in 
bronzes containing much lead. A phosphor-lead bronze is largely 
used for bearings, especially in the United States. The average 
composition of the alloy used by the Pennsylvania Railroad Co. is : — 


Cu 

Sn 

Pb 

P 


797 per cent. 


9*5 » 

o-8 


In KulM?s^jM^sphor-lead bronze, Pufahl found : — 


Cu 



. 

78*01 per cent. 

Sn 



. 

10-36 „ 

Pb 



. 

10.45 „ 

Fe 



. 

°-°9 „ 

Ni 



• 

0-26 „ 

P 



. 

IV. 

i-O 

b 


This is identical witlT the American alloy. 1 

Silicon-Bronze. — This alloy contains very little silicon, and fre- 
quently small quantities of tin and zinc; it is chiefly used in the 
manufacture of telegraph and telephone wires. 

As in the analysis of bronze, 1 g. is decomposed with 10 c.c. of 
nitric acid (sp. gr. 1-4), 100 c.c. of hot water added, the whole boiled for 
five minutes, and the siliceous stannic acid filtered off. The filter is 
incinerated in a platinum crucible, the stannic acid then added, and the 

1 A number of analyses are given in Muspratt-Stohmann’s Handhich der iechnischen Cherniy 
4th ed., vol. iv., in the section on Copper, 



216 


' METALS OTHER THAN IRON 


whole ignited and weighed ; one drop of sulphuric acid and *2 c.c. of 
pure hydrofluoric acid are added, the f liquid evaporated on the water- 
bath, the sulphuric acid driven off, and the pure stannic oxide weighed, 
after ignition ; the loss in weight gives the silica. 

For the determination of the dissolved silica, the filtrate from the 
stannic acid is evaporated to dryness wifh 3 c.c. of sulphuric acid, the 
residue heated to drive off sulphuric acid, water added, and the silica, 
which may contain a trace of lead sulphate, filtered off, washed with 
water, treated with a hot dilute solution of ammonium acetate, and a 
few drops of a solution of potassium chromate added to the filtrate so 
obtained ; any lead chromate precipitated is collected on a tared filter, 
and dried at ioo°. The filter paper, with the silica, is incinerated and 
weighed. Si0 2 X 0*4693 = Si. 

Copper is deposited electrolytically in the filtrate from the silica. 
The residual solution is then evaporated, sulphuric acid removed by 
heating, and the iron and zinc determined as described in the section on 
Bronze Analysis, p. 21 1. 

If the silica only is to r be determined, the sample may be dissolvefl 
in aqua regia, the solution evaporated to dryness, and then again 
evaporated twice successively with x 5 c.c. of hydrochloric acid ; the 
residue is heated to 120°, allowed to cool, moistened with fuming 
hydrochloric acid, then treated with water and the silica filtered off and 
washed, etc. After being weighed, it is tested for impurities by 
evaporation with a little hydrofluoric acid and one drop of sulphuric 
acid, as above. 

The following are two analyses, by Hampe, of Weiller’s patent 
silicon-bronze ; — 



Telegraph wire. 

Telephone wire. 

Cu 

99*94 

97*12 percent. 

Sn 

0*03 

1-14 

Fe 

trace 

trace 

Zn 

*«* 

1-62 

Si 

0*02 

0*05 

* 


(b) Brass and similar Alloys. 

[Brass, yellow metal, tombac, red brass, aluminium brass, Muntz 
metal, Aich metal, sterro-metal, delta-metal, Dutch metal, bronze 
powder, hard solder* white brass, button metal, etc.] 

These alloys contain copper and zinc as their principal constituents, 
and, in addition, either merely the impurities of the copper and zinc, 
or specially added, tin, iron, manganese, lead, or aluminium. 

In the case of alloys not containing tin, 1 g. is dissolved in a 
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covered porcelain dish on a water-bath, in io to 15 c.c. of nitric acid (sp. 
gr. 1*2), the solution evaporated to dryness with the addition of 5 c.c. of 
50 per cent sulphuric acid, the residue taken up with 30 c.c. of water, 
and cooled, and the lead sulphate collected on a small filter. The 
copper is deposited electrolytically in a platinum crucible. The 
solution from the copper estimation is neutralised with ammonia in 
a large beaker of 500 c.c. capacity, kept cool with water; it is then 
slightly acidified with sulphuric acid, diluted to 400 c.c., sulphuretted 
hydrogen passed in for two or Jihree hours, and the zinc sulphide 
filtered off after standing for twelve hours (cf Zinc). 

The filtrate from the zinc sulphide is evaporated to about 100 c.c., 
and the iron oxidised with a few drops of bromine water, the excess of 
bromine boiled off, the cooled solution neutralised, and the iron and 
aluminium (in aluminium brass) precipitated by ammonium acetate 
and boiling ; the manganese is precipitated in the filtrate in the usual 
way with ammonia and ammonium sulphide. The iron and aluminium 
precipitate is dried, the filter paper burnt in a platinum crucible, the 
m’ain bulk of the precipitate being added subsequently, and the whole 
strongly ignited and weighed. (The presence of an appreciable amount 
of alumina is indicated by a light red colour of the oxides.) The 
oxides are then fused with six times their weight of acid potassium 
sulphate, the cooled melt dissolved in dilute hydrochloric acid, and the 
iron and alumina separated by potassium hydroxide in the usual way. 
A 1 2 O s X 0-5303 = Al. 

It is much more convenient to estimate the alumina in the mixture 
by difference, by dissolving the melt in the crucible in hot dilute 
sulphuric acid, washing the solution into an Erlenmeyer flask, then 
reducing ti<3*4xqn* by means of amalgamated zinc and titrating the 
ferrous sulphate with standard potassium permanganate. 

The following method can be recommended as a satisfactory works' 
process : — The solution of the alloy and the precipitation of the lead are 
effected as above ; the copper is deposited electrolytically, and then an 
excess of ammonia added to the residual solution, whereby a yellowish 
coloration is produced if traces only of iron be present, or a precipitate 
of ferric hydroxide iflhere is an appreciable amount ; in the latter case 
the iron is subsequently estimated volumetrically. (Certain classes of 
brass, such as cartridge brass, for instance, must be of absolutely 
definite composition, and may contain only very little lead and traces 
of iron.) The precipitation of the copper may be more rapidly effected 
(from, say, one-third of the filtrate from the lead sulphate) by means of 
sodium thiosulphate, after strongly acidifying with sulphuric acid (cf 
p. 170), and the copper sulphide converted into cupric oxide by 
roasting. The percentage of zinc is ascertained by difference. 

Alloys which contain tin (certain brands of cartridge brass, red 
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brass, bronze powder, hard solder, etc.) are analysed in the safne way 
as bronze. 

Even minute quantities of antimony contained in the copper 
produce cold-shortness in brass, and the resulting alloy is consequently 
unsuitable for rolling; for this reason electrolytic copper, which 
frequently contains antimony, is seldom wsed by brass manufacturers. 
According to the investigations of E. S. Sperry, 1 best brass for cold 
rolling should not contain over ooi per cent of antimony. Bismuth is 
just as injurious ; arsenic is less so, in fact, thin sheets are frequently 
met with, containing as much as o-i per cent, of arsenic. 

(c) Alloys of Copper with Gold and Silver. 

For the determination of the noble metals, cf Gold (pp. 134 et seq .) 
and Silver (pp. no et seq.). 

1. Gold-Copper Alloys. — The flattened alloy is dissolved in *aqua 
regia, the solution evaporated, and the residue digested with water and 
a few drops of hydrochloric acid ; the resulting solution is diluted and, 
after standing for several hours, any silver chloride filtered off on h 
small filter. The gold is precipitated in the filtrate by adding an 
excess of pure oxalic, acid 2 to the hot dilute solution; the carbon 
dioxide is driven off by boiling, the solution carefully neutralised with 
pure alkali, and the deep blue solution of copper potassium oxalate 
filtered off; the gold is thus obtained free from copper oxalate. The 
copper is precipitated by boiling the filtrate from the gold with 
potassium or sodium hydroxide ; the precipitate is filtered off, washed, 
dried, ignited, and weighed. 

If impurities contained in the alloy are to be estimated, the gold 
is precipitated by passing sulphur dioxide into t he jy agted dilute 
hydrochloric acid filtrate from the silver chloride, the filtrate from the 
gold boiled to remove sulphur dioxide, then oxidised with a little nitric 
acid and evaporated with sulphuric acid ; any lead sulphate is filtered 
off and the copper deposited electrolytically and tested for bismuth, 
which is estimated, if present (cf Analysis of Marketable Copper, 
pp. 199 et seq.). The solution from the deposition of the copper is 
evaporated down, the sulphuric acid driven off, and*the iron, nickel, etc., 
which are present usually in traces, estimated in the residue (cf. Analysis 
of Bronze, p. 208), 

2. Silver-Copper Alloys . — (Coinage alloys, silver-plate, silver solder, 
and bronze powder containing silver, copper, and zinc ; coins contain- 
ing copper, silver, zinc, and nickel, etc.) 

The alloy is dissolved in nitric acid, the solution diluted largely, 

1 Trans. Amer. Inst . Min . Eng. y February 1898; Berg. u. H&tUn. Zeit. y 1898, 57, 1 17; 
J. Soc . Ckem. Ind 1898, 17, 582. 

s Fresenius, Z. anal. Chem. y 1870, 9, 127. 
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and the silver precipitated with hydrochloric acid; the filtrate is 
evaporated to dryness with sulphuric acid, the residue is taken up with 
water, lead sulphate filtered off, the copper deposited electrolytically 
and tested for bismuth, and in the residual solution zinc, 'nickel, and 
iron determined by the usual methods (cf. Analysis of Bronze, pp. 208 
et seq.). 9 

8 . COPPER LIQUORS 

From 10 to 50 c.c. of the liquor, according to the content of copper, 
are evaporated with an excess ok sulphuric acid, any lead sulphate that 
has separated filtered off, and the copper precipitated in the filtrate by 
pure zinc. The iron is determined at once in the decanted solution by 
titration with potassium permanganate. 

9. COPPER-PLATING BATHS 

Fifty c.c. of the solution are evaporated with an excess of sulphuric 
acid in a draught place to decompose the cyanogen compounds present, 
and heated until fumes of sulphuric acid are copiously evolved. The 
residue is allowed to cool, dissolved in watei* and the copper estimated 
electrolytically. In most cases it suffices to first decompose the 
cyanogen compounds, and then to titrate the ammoniacal solution 
with potassium cyanide ( cf p. 173). 

LEAD 

- Until recently, the metal content in ores and in products from lead- 
smelting works (except in the case of the metal itself and of hard lead) 
was invariably estimated in metallurgical works by quick, dry methods, 1 
although t'jich assays gave results from 1*5 to 5 per cent, too low. 

On account of the considerable inaccuracy of dry assaying, rapid 
volumetric methods have been introduced, and, having proved reliable, 
are now much used in the laboratories of smelting works, but more 
especially in commercial laboratories ; in the ore market of the United 
States, for instance, the valuations of lead ores are now based entirely 
on the results of the “ wet assay.” 

The products to be examined include : Ores, the products from 
smelting works (lead matte, lead speiss, litharge, scum, dross, lead 
fume, slags, work lead, refined lead or commercial lead, hard lead or 
antimonial lead), lead alloys, scrap lead, etc. 

The most important ores of lead are : — 

Galena , PbS, containing 86-6 per cent, of lead ; it invariably contains 
silver as isomorphous, Ag 2 S, sometimes in quantities over 1 per cent, 
but most frequently the silver content is from -5^ to T V per cent. 

1 Details on u Lead Assaying” are given by J. and J. Beringer, Text Book of Assaying 12th 
ed., 1910, and by Bruno Kerl, Probierbuck , 2nd ed., 1894. 
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Cents site, PbC 0 3 , containing 77*6 per cent of lead. 

Anglesite , PbS 0 4 , containing 68-3 per cent, of lead. 

Pyromorghite , or Green Lead Ore , 3 Pb 3 P 2 0 8 + PbCl 2 , containing 
76*2 per cent, of lead. 

The following ores are more rare : — 

Mimetisite , 3 Pb 3 As 2 0 8 + PbCl 2 . % 

Crocoisite , PbCr 0 4 ; Wulfenite , PbMo 0 4 . 

Vanadinite , 3 Pb 3 V 2 0 8 + PbCl 2 ; Stolzite, PbW 0 4 . 

# 

I. — Dry Assays for Ores, etc. 

Dry assays consist in the separation of the metal by fusion with 
reducing and fluxing agents ; sulphide ores or metallurgical products 
are (when fused in clay crucibles) desulphurised by addition of metallic 
iron, or the fusion is carried out in an iron crucible. On account of 
the volatility of the metal at high temperatures (increased by the 
presence of arsenic, antimony, and zinc), and to a less extent through 
scorification, there is always a considerable loss of metal. In the case of 
impure ores containing antimony, arsenic, copper, zinc, bismuth, etc., 
the lead is always more or less contaminated by these impurities. 

The noble metals are generally determined by special assays (cf. 
Silver). They may, however, also be estimated by a direct cupella- 
tion of the crude lead button, obtained by the “ assay in an iron 
crudbl© ” method (cf. Cupellation of Silver, pp. 105 et seq.). 

1. The Precipitation or Belgian Assay in an Iron Crucible. 

This, the best of all dry assays for lead, is specially suited for rich, 
pure galenas. It permits of a larger weight of oj^bein^ worked 
upon than the other assays, and is quick, thereby preventing any 
great loss of lead. Under the most favourable conditions, a pure 
galena will yield 85-25 per cent, of lead instead of 86*6 per cent; the 
average loss of lead by this assay may be taken at about 2 per cent. 

To carry out the determination, a stout iron crucible, about 12 cm. 
high and 8 cm. in diameter at the top, is heated to a jred heat in a wind 
furnace, the ore and fluxes introduced (eg., 30 g. ore, 30 g. sodium 
carbonate, and 3 g. argol ; 5 to 10 g. of borax or sodium carbonate may 
be placed behind this mixture on the metal scoop (Fig. 37, p. 103) and 
will form a cover to the rest of the charge in the crucible), the crucible is 
covered and brought to a bright red heat in about ten minutes ; within 
another ten minutes *the fluxes become placid and fluid The crucible 
is then removed from the furnace, allowed to cool for a few minutes, and 
the thin fluid contents run into a warm mould (Fig. 40, p. 104) 
smeared with black lead. When cold, the slag and lead button are 
separated by a few blows of a hammer, the button cleaned by wash- 
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ing in* hot water and brushing with a stiff brush, then dried and 
weighed. 

Immediately after pouring out the first assay, a further 20 g. of 
flux mixture are fused in the crucible, and, after heating fot about ten 
minutes, the contents are run into the mould, sometimes yielding another 
small button of lead ; a newiassay may then be carried out. 

These assays are in use in many lead-smelting works; they are 
specially adapted to the estimation of the content of lead in lead 
drosses of very varying composition, of which large average samples 
(after sieving) must be taken. 

Any antimony contained in the ore is found nearly quantitatively in 
the lead button, and may be determined as described under “Hard 
Lead,” p. 235. 

W. Witter 1 mixes 25 g. of ore with 30 g. of “flux” (72 parts sodium 
carbonate, 40 parts borax, 9 parts tartaric acid), adds a covering of 1 $ g. 
of flux and a further 15 g. of flux, when molten, so as to carry down any 
particles of lead which may adhere to the sides of the crucible. 

• J. Flath 2 obtained the best yield of l^ad by fusing 25 g. of the 
sample (galenas of varying richness, galena with pyrites, pyromorphite, 
cerussite, flue dust, lead slags) with 60 g. of a flux consisting of 70 per 
cent calcined sodium carbonate, 28 per cent, calcined borax, and 2 per 
cent tartaric acid. The above works equally well with basic or with 
acidic ores. The greatest difference compared with a wet assay showed 
a loss of i*s per cent. The method cannot be recommended fpr lead 
slags ( cf. p. 241). 

For pyromorphite and mixtures containing phosphates, Beringer 3 
recommends the following charge: — Ore 20 g., sodium carbonate 25 g., 
argol 7 g., fluor.sgar 5 g., 2 g. of borax being used as a cover. 

2. Other Methods of Assay for Ores containing- Sulphur. 

Smaller weighings (1 assay hundredweight = 5 g. or 3-75 g.) of ores 
containing rather large quantities of gangue and small quantities of 
foreign sulphides are frequently fused in clay assay crucibles with 
potassium carbonate and flour, borax, and metallic iron (pieces of 
telegraph wire is*mm. long), the crucible broken when cold, the lead 
separated from the excess of iron, cleaned and weighed (German assay). 

A very practical American procedure is to place one or more strong 
iron nails in the crucible during the fusion, which are carefully removed 
after withdrawing the crucible out of the furnace. The assay takes 
about one hour. This method is often used in* England, hoop iron 

1 Private communication to Prof. Pufahl. 

2 Chem. Zeit 1900, 24, 263 ; J. Chem. Soc. Absir., 1900, 78, 512 ; J Soc. Chem . Ind., 1900, 
19, 470. 

3 Text Book of Assaying, 12th ed,, 1910, p. 212. 
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being employed, and a similar charge to that given for the iron pot 
method. 

The Isleman, or Upper Hartz potassium carbonate assay, consists in 
fusing the Ore mixed only with potassium carbonate and covered with a 
layer of common salt, in small crucibles, in a muffle furnace; the precise 
method of procedure depends very much %on the character of the ore. 
It gives very varying results. Any silver in the ore is retained 
quantitatively in the lead button. 

The sulphuric acid assay, which consists in the preparation of lead 
sulphate, as pure as possible, by wet means, and the fusion of this with 
sodium carbonate, argol, and iron, is specially suited for very impure 
ores largely contaminated by foreign metallic sulphides. 

3. Methods of Assay for Oxidised Ores and Metallurgical 

Products. 

These substances (e.g., cerussite and litharge) are fused with fluxes 
and reducing agents in clay pots ; in presence of sulphur (eg., anglesite, 
scum, lead fume), the addition of iron is necessary, and with a higK 
content of “ earths ” (eg, marl in “ bottoms ”), the free addition of borax. 
Slags and poor wastes are fused in larger quantities in crucibles with 
reducing solvent agents. 


II.— Wet Assay for Ores, etc. 

•m 

The gravimetric methods of Rossler and of Schulz and Low, the 
electrolytic methods and the volumetric methods of assay, are regarded 
as quick methods. 

A. GRAVIMETRIC METHODS. ^ 

1. Determination of the Lead as Sulphate. 

In the case of ores free from antimony (galena with zinc blende, 
pyrites, arsenical pyrites, copper pyrites, etc., and gangue) 1 g. of the 
very finely ground ore is treated in an Erlenmeyer flask with 10 c.c. of 
nitric acid (sp. gr. 1-4), the contents of the flask stirred round and placed 
in a slanting position on a hot sand-bath. Wh£n the oxidation is 
complete (after about half an hour), 10 c.c. of 50 per cent, sulphuric acid 
are added, the contents of the flask mixed and boiled on the sand-bath 
till sulphuric acid fumes are evolved. To the cooled residue 30 c.c. of 
water are added, the contents of the flask warmed on a boiling water- 
bath (or on a sand-bath) for fifteen minutes, cooled, the solution contain- 
ing the iron, copper, zinc, etc., decanted through a filter paper, the 
impure lead sulphate washed once by decantation with water acidified 
with sulphuric acid (0*5 c.c. sulphuric acid in 100 c.c. water) and twice 
with pure water, 20 c.c. of concentrated ammonium acetate solution 
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(prepared by neutralising ordinaijy ammonium hydroxide with 50 per 
cent, acetic acid), a few drops of ammonia and 20 c.c. of water added, 
and the contents of the flask heated to boiling so as to completely 
dissolve the lead sulphate. The hot solution is then filtered into a 
beaker through the paper that was used for the first decantation, the 
flask and filter paper washed fhree times with hot water to which some 
ammonium acetate has been added, and the lead precipitated again as 
sulphate in the cooled solution (about 200 c.c.) by the addition of 10 c.c. 
of sulphuric acid. # 

The heavy precipitate is filtered off after standing for one to two 
hours, washed three times with pure water (the slight solubility of lead 
sulphate in water may be neglected in this instance), and once with 
strong alcohol, the paper and precipitate dried in an air-bath, the 
sulphate removed as completely as possible on to glazed paper, the 
filter'paper ignited at a low temperature in a weighed porcelain dish, 
the bulk of the precipitate added, gradually heated to a dull red heat, 
and weighed. PbS 0 4 X 0-683 1 = Pb. 

If small globules of lead become reduced on the ignition of the 
filter paper, a few drops of dilute nitric acid are added, the crucible 
warmed on the water-bath to dissolve the lead, a drop of sulphuric acid 
added, evaporated, the sulphuric acid driven off, and then the bulk of 
dry lead sulphate added. 

In the case of ores poor in lead, lead mattes, etc., 5 g. may be taken 
for the assay. 

If the ore contains much chalky gangue, a light precipitate of very 
fine matted needles of calcium sulphate may form over the heavy lead 
sulphate on cooling the acetate solution to which sulphuric acid has 
been added. In such cases the clear solution is decanted as completely 
as possible from the precipitate, 200 c.c. of water and a few drops of 
sulphuric acid added, the whole heated for an hour in a boiling water- 
bath, stirred round frequently, completely cooled, the pure lead sulphate 
collected on a filter paper and treated as above. 

Calcareous ores containing a very small amount of lead are best 
dissolved in hydrochloric acid, the solution diluted with boiling water 
(on account of the difficultly soluble lead chloride), filtered into a beaker, 
the lead, dissolved copper, etc., precipitated by sulphuretted hydrogen, 
the impure lead sulphide washed off the filter paper, and treated with 
nitric acid and sulphuric acid as above. 

Galena containing antimony is decomposed with strong nitric acid 
(10 c.c. of sp. gr. 1-4) and 2 g. of tartaric acid in a flcfsk, 50 c.c. of water 
added, warmed, cooled after ten minutes, and the lead precipitated by 
the addition of 10 c.c. of sulphuric acid, whereby a small quantity, about 
2 mg., remains in solution. After standing for an hour the solution is 
decanted off, the sulphate washed, dissolved in ammonium acetate 
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and further treated as above. A. H- Low treats galena containing 
antimony and bismuth with strong nitric acid, boils with sulphuric acid, 
takes up with water, decants off the sulphuric acid solution, and dissolves 
the antirribny out of the impure lead sulphate by boiling it with a 
solution of 2 g. of Rochelle salt (potassium sodium tartrate) in 50 c.c. of 
water to which 1 c.c. of sulphuric acid is abided. 

Ores rich in antimony (eg, Bournonite, CuPbSbS 3 ) and products 
from smelting works (lead speisses) are best fused with sodium carbonate 
and sulphur (or dehydrated sodium* thiosulphate), lixiviated with hot 
water, the insoluble sulphides of lead, .copper, iron, etc., collected on a 
filter paper, washed, transferred from the filter into a dish, treated with 
nitric acid, and then further with sulphuric acid as above. Antimony 
and arsenic may be estimated in the solution of the sulpho-salts 
(p. 284). 

In the first filtrate from the lead sulphate (see above) the copper, 
zinc, iron, etc., may, of course, be determined by first precipitating the 
copper, together with bismuth, arsenic, antimony, etc., by sulphuretted 
hydrogen. The washed kad sulphate may be quickly and completely 
converted into carbonate by boiling with sodium carbonate or by 
digesting with a cold, saturated solution of ammonium carbonate. If 
the lead carbonate is washed with hot water, dissolved in dilute nitric 
acid, the gangue filtered off, and sufficient nitric acid added so that the 
solution contains fifteen to twenty volumes per cent of nitric acid of 
sp. gr. 1*38, a solution is obtained suited to the electrolytic separation 
of the lead as peroxide (cf. p. 226). 

2. The Determination of the Lead as Metal or as Alloyed 
with Wood’s Metal. 

1. v. Schulz and Low's Method } — The lead sulphate from I g. of 
ore (see above), purified by boiling with Rochelle salt solution acidified 
with dilute sulphuric acid, is dissolved off the filter by a boiling, 
saturated solution of ammonium chloride, after being previously washed 
with dilute sulphuric acid. The filtrate, after the addition of three 
small pieces of aluminium foil (1*5 mm. thick, 35 mm. long, and 15 mm. 
wide), is boiled for five minutes so as to separate the lead as metal. 
The flask is then filled with cold water, its contents emptied into a 
large porcelain basin, the lead adhering to the aluminium scraped off 
under water, the liquid decanted off, and the lead washed into a small 
porcelain dish. After pouring off the water, the lead is pressed 
together by means' of a small agate pestle, washed several times with 
distilled water, once with absolute alcohol, then dried quickly in an 
air-bath, and weighed. The total duration of the assay from the 
decomposition of the ore is forty minutes. 

1 Chem . Ntws, 1893, 67, 178. 
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2 . C. Rossler's Method} — The, lead is separated in the spongy 
condition out of as pure a solution as possible of lead chloride (free 
from copper and antimony) by means of pure granulated zinc, and the 
washed lead collected under hot water in a weighed quantity of molten 
Wood's metal. In the case of ores containing copper and antimony, 
lead sulphate in as pure a condition as possible is prepared (according 
to the previously mentioned methods), which, in presence of dilute 
hydrochloric acid is just as quickly reduced by zinc as lead chloride. 
The Wood's alloy required for Jhe assay is prepared by melting 
together twenty parts of the purest bismuth, ten parts of lead, five parts 
of tin, and five parts of cadmium in a small porcelain basin, a small 
piece of paraffin also being added. If the paraffin begins to burn, the 
basin is covered with an iron plate. When the fused alloy has cooled 
somewhat it is well stirred with folded filter paper, and then the molten 
alloy is immediately poured into an iron mould. The sticks so 

obtained are broken up by a sharp chisel into pieces weighing 

about 2 g. 

* Pure lead-free zinc is used either granulated or as thin foil. The 
latter is prepared by melting 50 to 100 g. of zinc in a clay or porcelain 
crucible over a triple Bunsen burner, removing the skin of oxide by 
introducing a small piece of ammonium chloride, and then pouring the 
metal, in a thin stream, on to a stone slab or iron plate from a height of 
10 to 20 cm. ; when cold it Is cut up into strips. 

To carry out the determination, 0-5 to 1 g. of the very finely ground 
ore (galena, cerussite, or litharge) is treated in a large test tube 
(180 mm. long, by 30 mm. wide) with 20 to 30 c.c. of ordinary 25 per 
cent, hydrochloric acid ; the tube is then placed in an inclined position 
on a hot sand-bath and heated until the ore is completely decomposed ; 
20 to 30 c.c. of water are then added, 1 to 1-5 g. of zinc allowed to 

slide into the inclined tube, a small thin glass funnel with a short wide 

tube placed in the mouth of the test tube, which is then placed in a 
water-bath heated to about 70°. The separation of lead takes place 
very quickly, and the spongy lead is generally carried to the surface 
along with the zinc, on account of the occluded hydrogen bubbles. 
The lead should b<? made to sink by separating it from the zinc 
residue by means of a long thin glass rod, and pressing it against the 
walls of the tube. When the evolution of hydrogen has completely 
stopped, the solution is tested for lead by introducing about 6 sq. mm. 
of magnesium ribbon. If the magnesium dissolves without leaving a 
small bead of lead the separation is complete, otherwise a further 
addition of a few decigrams of zinc and some hydrochloric acid is 
made, the tube again heated, and the contents again tested with 
magnesium. The solution is then heated till the evolution of hydrogen 
1 Z anal Chem 1885, 24, I j J Chem % Soc. Abstr ., 1885, 48, 596. 
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has ceased, the acid zinc solution deoanted into a beaker, the residue of 
lead washed by decantation three times with about 30 c.c. of boiled, 
hot water, hot water again poured on to the spongy lead, a weighed 
piece of Wood’s alloy introduced, the test tube placed for a few minutes 
in boiling water and well stirred round, thus forming an alloy of 
Wood’s alloy and lead, melting below ^oo°. By cooling in cold water, 
the alloy is solidified ; it is then shaken out, dried, and weighed ; the 
gain in weight is due to the lead from the assay. Water may 
frequently be enclosed in the alloy* so that Rossler advises heating it 
on a pitted porcelain plate to ioo° for a short time in an air-bath before 
weighing. 

This assay is suited for pure galenas (or galenas containing zinc 
blende) with calcareous gangue which dissolve completely in hydro- 
chloric acid. Any insoluble residues (gangue, pyrites, etc.) find their 
way into the spongy lead and also to some extent into the alloy? The 
solution may be separated from these solid residues by filtration, using 
a small asbestos filter, but then, on account of the sparing solubility of 
lead chloride, more solution is obtained than is desirable. If copper 
pyrites is present, the ore is best treated with nitric and sulphuric acids, 
and the lead sulphate reduced in presence of dilute hydrochloric acid. 
Any antimony may then be removed, by evaporating the lead solution 
to dryness and heating the residue to 250° so as to volatilise the antimony 
chloride. 

- 3. Electrolytic separation of Lead as Peroxide. 1 

On the introduction of electrolytic methods of analysis, C. Luckow 
found as early as 1865 that lead is separated quantitatively as 
hydrated peroxide from solutions containing much free nitric acid. 
This method permits of a separation of lead from^ppper, gold, mercury, 
antimony, zinc, cadmium, iron, nickel, cobalt, manganese, and aluminium ; 
silver and bismuth are partially separated as peroxides together with 
the lead. 

Details of the apparatus employed in electrolytic analysis are given 
under “ Copper,” pp. 159 et seq. 

The solution employed for the electrolysis must be free from chlorine 
compounds, and should contain but little sulphuric acid, since this is 
partially deposited with the peroxide of lead. By the use of platinum 
basins, sand-blasted or “ matted ” on the inside, up to 4 g. of peroxide 
may be firmly deposited ; with smooth dishes the deposit easily 
scales off. , 

For slow deposition at ordinary temperatures, using a low current 
density (0*05 amperes per 1 00 sq. cm.), the solution should contain about 

1 Cf. Literature on Electrolytic Analysis, p. 159 ; also, H. Nissenson and C. Rust, Z anal, 
Che?n n 1893, 32, 431; Medicus, Ber, y 1892, 25, 2490; J. Soc. €hem. Ind., 1893, 12, 182; Chem. 
Zeit.> 1895, 19, 1143 i / Soc. Chem, . Ind 1895, 14, 1063. 
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io per cent by volume of nitric acM(sp. gr. 1*38), otherwise a separation 
of metallic lead takes place on the cathode ; using a current of ND 100 = 
0*5 ampere, the content of nitric acid should be raised to 20 pe^: cent, by 
volume. 

For more rapid deposition, the method commonly adopted in 
practical work, a current of 1 to 2 amperes at 2*3 to 2*7 volts is used 
at ordinary temperatures in a solution containing 20 per cent by volume 
of nitric acid (sp. gr. 1-38) ; at higher temperatures, not above 6o° to 70°, 
10 per cent, by volume of nitric acid is sufficient. When, on addition of 
20 c.c. of water, the freshly wetted surface of the matted dish does not 
become darkened by further separation of lead peroxide in a quarter or 
half an hour, the deposition is completed. The current is then switched 
off, the contents of the dish emptied out, the deposit washed three times 
with boiling water and once with absolute alcohol, dried in an air-bath 
at 200 0 for half an hour, and weighed, after allowing to cool for half an 
hour. The lead peroxide is quickly dissolved off the platinum dish by 
means of hot, very dilute nitric acid, with addition of small quantities of 
oxalic acid. 

A micro-burner may be advantageously used for warming the dish (to 
50° to 6o°), a piece of asbestos paper being placed under the dish so as 
to distribute the heat evenly. In case any lead peroxide becomes 
detached on washing the dish, the washings must be carefully 
decanted. The drying must be done at 200°, otherwise a small 
amount of water is retained by the deposit. When properly carried 
out, the method gives very accurate results. 

Rotating electrodes may be used to hasten the precipitation of the 
lead peroxide. F. Exner 1 adds 20 c.c. of concentrated nitric acid to 
the lead nitrate solution, giving a total volume of 125 c.c., and uses a 
current of 10 amperes at 4*5 volts, with a rotating cathode which makes 
600 revolutions per minute. The deposit has a uniform velvety black 
colour ; the time required for the deposition is from ten to fifteen 
minutes. R. O. Smith 2 effects the deposition on a rotating spiral 
which makes 800 revolutions per minute. A nitric acid solution is used, 
containing 25 c.c. of nitric acid of sp. gr. 1*4 in 125 c.c. of solution, 
which is electrolysed at 95 0 , with a current of 10 to 11 amperes per 
100 sq. cm. at 3-6 to 3-8 volts ; up to 0-58 g. of lead can be precipitated 
in fifteen minutes. 

H. J. S. Sand 3 has studied the behaviour of a lead peroxide anode 
deposit on drying and the effect of varying conditions on its nature. 
His results show that too much nitric acid should be avoided, that it 
is specially important to remove any oxides of nitrogen that may be 
present by evaporating the solution to be electrolysed to dryness before 

1 J. Amer. Chem. Svc., 1903, 25, 904. 3 Ibid., 1905, 27, 12S7. 

3 Faraday Soc 1910, p. 207 ; J \ Soc . Chem. Ind 1910, 29, 47. 
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a determination, and that the temperature should be kept t>elow 97 0 
The deposited peroxide should be dried in an atmosphere free from 
moisture, preferably by washing with alcohol and ether in the usua! 
way, and drying over a Bunsen burner, as it is capable of absorbing 
moisture at about 200°. 

c 

B. VOLUMETRIC METHODS 

x. Alexander’s Molybdate Method . 1 

This method is based on the precipitation of lead in hot acetate 
solution by means of ammonium molybdate, forming lead molybdate 
which is insoluble in acetic acid. Excess of ammonium molybdate is 
recognised by the yellow coloration given to a freshly prepared tannir 
solution, a drop of the titrated solution being added to a drop of the 
tannin solution on a pitted porcelain plate. The ammonium molybdate 
solution is prepared by dissolving 9 g. of the commercial salt in water 
adding a few drops of ammonium hydroxide, and diluting to 1 litre 
For its standardisation*, 300 mg. of lead sulphate are dissolved* by 
warming with a sufficient quantity of dilute ammonium acetate solution 
acidified with acetic acid, diluted to 250 c.c., heated to boiling, anc 
titrated with the ammonium molybdate solution till all the lead is pre- 
cipitated as the heavy white molybdate. Drops of the tannin solution 
(one part in three hundred parts of water) are placed on the pitted 
porcelain plate, and drops of the solution being titrated are added from 
time to time until a yellow coloration is produced (300 mg. of PbSO, 
contain 204*93 °f Pb). 

The method is carried out at Broken Hill as follows : — One gram oj 
ore is treated in an Erlenmeyer flask with 15 c.c. of strong nitric acid 
10 c.c. of sulphuric acid added, and the solution boiled till sulphuric 
fumes are copiously evolved. On cooling, the sulphate is warmed with 
water, cooled, washed by decantation, first with water acidulated with 
sulphuric acid, finally with pure water, the decantation washing* 
filtered, the filter paper brought into the flask, 25 c.c. of concentrated 
ammonium acetate solution added, the solution heated, diluted with 10c 
c.c. of hot water, and boiled till the lead sulphate has completel) 
dissolved. The solution is then diluted to about 250 c.c. with boiling 
water, and titrated as above. In the case of ores containing over 30 pei 
cent, of lead, 0-5 g. is taken for the determination. The time required 
is one hour. 

The same quantity of ammonium acetate should be used in each 
assay, and calcium should be absent. 

1 Eng* and 1893, 55, 298 ; J, Chem . Soc. Abstr,, 1893, 64, 599. 
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2. Beebe’s Potassium* Ferrocyanide Method. 1 

A lead acetate solution, acidified with acetic acid, free from alkali 
salts, is titrated at the ordinary temperature with a I per cent potassium 
ferrocyanide solution till a drop gives a brown coloration on a porcelain 
plate with concentrated uraniujn acetate solution slightly acidified with 
acetic acid. The ferrocyanide solution is standardised against a lead 
acetate solution of known strength. 

The impure lead sulphate as obtained from the ore, as described 
above (pp. 222 etseq.), is boiled with*Rochelle salt solution, acidified with 
sulphuric acid, as recommended by A. H. Low (p. 224), for the removal 
of bismuth and antimony. By digesting the washed sulphate with 
ammonium carbonate, it is converted into lead carbonate, which is well 
washed with hot water, dissolved in a beaker in hot dilute acetic acid, 
so as to avoid loss by spitting, and the cooled solution titrated with 
potassium ferrocyanide. 

According to Low, a high content of calcium compounds (up to 30 
pe*; cent of calcium oxide) does not seriously affect the accuracy of the 
estimation, provided the calcium sulphate is completely converted into 
the carbonate ; otherwise, lead is precipitated as sulphate on dissolving 
the carbonate in acetic acid. 

3. The Chromate Method. 

C. and J, J. Beringer 2 have modified Diehl’s method, in so far as 
they precipitate a boiling dilute solution of lead sulphate in sodiSm 
acetate with as small an excess as possible of potassium chromate, using 
neutral silver nitrate solution as indicator by spotting; after cooling 
and diluting to 200 c.c., the excess of potassium chromate is estimated 
colorimetrically in Se^c.c. of the filtrate from the lead chromate, after 
addition of acetic acid, by comparison with standard acidified potassium 
chromate solutions (cfi. Heine’s Colorimetric Copper Assay, p. 180). 

III.— Analysis of Commercial Lead (Soft Lead, 
Refined Lead). 

Fresenius ’ 3 Method , with Modifications by Fernandez-Krug 
and Hampel 

Refined lead contains 99*96 to 99*99 per cent, of lead and minute 
quantities of silver, copper, bismuth, cadmium, arsenic, antimony, iron, 
nickel, cobalt, zinc, and manganese. 

Bright turnings (a few from as many ingots as possible) or bright 

1 Chem. News , 1896, 73, 18 ; Z \ anal. Chem ., 1897, 36, 58. 

2 Text Book of Assaying, 12 th ed., 19x0, p. 214. 

3 Quantitative Analysis, ,7th ed,, vol. ii M p. 370. 

4 Private communication to Prof. Pufahl from Dr Fernandez-Krug and Dr Hampe. 
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scrapings are warmed for a short tjme with dilute hydrochloric acid, 
washed with water, and dried quickly. Two hundred grams are accurately 
weighed out and dissolved in a 1500 c.c. covered beaker by gently 
warming with 500 c.c. of nitric acid of sp. gr. 1-2 and 500 c.c. of water. 
The solution is left to stand for twelve hours. 

Purer kinds of soft lead give a fjerfectly clear solution. Any 
precipitate of lead antimoniate, etc., arising on solution or on standing 
is filtered off ; its further treatment is described below. 

Fernandez-Krug and Hampe tr$at the clear or filtered solution in 
a beaker with 62 to 63 c.c. of pure sulphuric acid, and stir well. When 
cold, the clear solution is syphoned off into a large beaker, 200 c.c. of 
water, acidified with nitric acid, poured on to the lead sulphate, well 
stirred with a thick glass rod, allowed to settle, decanted, and this 
repeated two to three times with 200 c.c. of acidified water, so as to 
extract the last trace of dissolved foreign metals out of the precipitate. 

The combined washings, together with the syphoned solutions (iA 
to 2 litres), are not evaporated (Fresenius’ method) but saturated in a 
beaker with ammonia, 2 £ to 50 c.c. of ammonium sulphide added, sfnd 
the whole warmed on a water-bath for two to three hours. The 
precipitate, which contains considerable quantities of lead sulphide, as 
well as the sulphides of the foreign metals, is filtered off, washed into a 
large porcelain crucible, and dried. Meanwhile, the residue from the 
solution of the 200 g. of lead (see above) is dissolved off the filter paper 
in hydrochloric acid, some tartaric acid and water added, sulphuretted 
hydrogen passed through, the precipitate containing lead and antimony 
filtered off, washed into the porcelain crucible, again dried, and the 
contents fused with six times its weight of the usual mixture of equal 
parts of sodium carbonate and sulphur. 

The solution obtained on lixiviating the fused^mass with hot water 
is added to the filtrate from the precipitation with ammonium sulphide, 
acetic acid added till acid, which precipitates the sulphides of arsenic 
and antimony, together with much sulphur, and then heated for three to 
four hours on a boiling water-bath. The precipitate is filtered off, washed 
with dilute sulphuretted hydrogen water, acidified with a little acetic 
acid, dried, the free sulphur extracted with c&rbon bisulphide, the 
sulphides dissolved in hydrochloric acid and potassium chlorate, and 
the undissolved sulphur filtered off ; a very small filter paper is used 
for the filtration, and the washing is done with a pipette. The filtrate, 
after the addition of 0-5 g. of tartaric acid, is neutralised with ammonia, 
and finally treated with 10 c.c. of strong ammonia (sp. gr. 0*91) and 1 to 
2 c.c. of magnesia mixture (no alcohol). After twenty-four hours the 
magnesium ammonium arsenate is filtered off on to a small paper and 
washed with dilute ammonia (one volume of sp. gr. 0-91 to two 
volumes of water). Ammonium sulphide is added to the filtrate and 
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washings* the solution warmed, the, antimony precipitated as sulphide by 
adding excess of dilute sulphuric acid, the precipitate filtered off on to 
a small paper, dissolved in warm ammonium sulphide, the solution evapo- 
rated in a weighed porcelain crucible, the residue oxidised with strong 
nitric acid, evaporated, the sulphuric acid driven off, the residue strongly 
ignited, and weighed as antimcfny tetroxide. Sb 2 0 4 x 0-7898 = Sb. 

The previously obtained precipitate of magnesium am monium arsenate 
is converted into pyroarsenate (cf. Arsenic Determination in Commer- 
rial Copper, p. 196) and weighed a§ such. Mg 2 As 2 0 7 x 0-4829 = As. 

The residue from the lixiviation of the melt of the ammonium 
sulphide precipitate with sodium carbonate and sulphur contains 
ead, copper, silver, bismuth, cadmium, zinc, iron, nickel, cobalt, and 
manganese, as sulphides. For their oxidation by heating with dilute 
nitric acid (one volume acid of sp. gr. 1-2 to two volumes water), the 
smalFfilter paper is spread out in a porcelain dish, the acid poured on, 
ind then covered with a clock-glass. After filtration and washing, the 
ead is separated by evaporation with sulphuric acid, and the residue of 
ead sulphate taken up with a little water §.nd filtered off. A con- 
siderable excess of sulphuric acid must be used, otherwise some bismuth 
nay be retained by the lead sulphate ; recent analyses show that soft 
eads containing considerable amounts of bismuth occur in commerce. 

The filtrate from the lead sulphate is treated with saturated sulphur- 
etted hydrogen water, sulphuretted hydrogen passed in, and the solution 
gently warmed for some time ; copper, bismuth, silver, and cadmium^are 
Drecipitated and collected on a small filter paper, the filtrate containing 
ron, zinc, nickel, etc., being set on one side for the time being. 

The precipitate is oxidised as before with dilute nitric acid, the 
ritric acid driven off by evaporating with a few drops of sulphuric acid, 
he residue taken up with a little water, nearly neutralised writh pure 
odium hydroxide (from metal), then sodium carbonate and some pure 
>otassium cyanide added, and the solution gently warmed. A pre- 
:ipitate of bismuth is thus obtained which is filtered off, washed, 
iissolved in a small quantity of nitric acid, reprecipitated with a slight 
excess of ammonia, filtered off, dissolved in nitric acid, the solution 
now free from sulphuric acid) evaporated in a weighed porcelain 
rucible, the residue heated to a dull red heat, and weighed as bismuth 
>xide (cf Bismuth Determination in Commercial Copper, p. 199). 
3i 2 0 3 x 0-8965 = 61 

The filtrate containing potassium cyanide from the bismuth pre- 
ipitate is treated with a further quantity of cyanide and then a few 
Irops of potassium sulphide solution. A precipitate of silver sulphide 
.nd cadmium sulphide may be formed, which is filtered off and dissolved 
n hot dilute nitric acid. The silver is precipitated by the addition of 
, few drops of hydrochloric acid and the silver chloride filtered off. 
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The filtrate is evaporated to dryneos, any cadmium precipitated by 
boiling with sodium carbonate, the precipitate collected on a small 
filter paper, washed with hot water, dissolved in a few drops of nitric 
acid, the solution evaporated in a weighed porcelain crucible, and the 
residue converted into cadmium oxide by carefully heating to a red 
heat CdO X 0-8754 = Cd. Cadmium is r but seldom found in commercial 
lead, and only in traces. 

The filtrate from the silver and cadmium sulphides is evaporated to 
dryness after the addition of some sulphuric, nitric, and a few drops of 
hydrochloric acid. The residue is taken up with water, the solution filtered 
if necessary, the copper precipitated by passing sulphuretted hydrogen, 
and estimated as sulphide (cf. Copper p. 169). Cu 2 S x 0-7986 = Cu. 

The solution containing the zinc, iron, nickel, etc. (see above), is 
made slightly alkaline in a flat-bottomed flask, ammonium sulphide 
added, and the contents diluted so as to fill the flask up to the neck, the 
flask corked and allowed to stand for twenty-four hours or longer. The 
precipitate is not filtered off until it has completely settled. The filtrate, 
which may contain somevnickel in solution, is acidified with acetic add, 
ammonium acetate added, warmed for a few hours, and the sulphur and 
nickel sulphide filtered off. 

The precipitate from the ammonium sulphide is treated immediately 
after filtration on the filter paper with a solution of six parts of 
saturated sulphuretted hydrogen water and one part of hydrochloric 
acid of sp. gr. M2, the liquid that runs through being again brought on 
to the filter paper by means of a pipette. Zinc sulphide and iron 
sulphide are dissolved, whilst nickel and cobalt sulphides remain on the 
paper. After drying this small filter, it is ignited, together with 
that on which the nickel sulphide containing sulphur was collected, 
in a porcelain crucible, the residue warmed with a few drops of aqua 
regia, the solution evaporated completely to dryness, a little ammonia 
and ammonium carbonate solution added, filtered, boiled in a platinum 
dish with potassium hydroxide till all the ammonia is driven off, the 
small amount of precipitate collected on a small filter paper, washed, 
dried, ignited, and weighed as nickel oxide. NiO x 0-7858 = Ni. 

After weighing, the oxide is tested qualitatively for cobalt by the 
borax bead. 

The solution containing zinc, iron, and manganese obtained on 
treating the ammonium sulphide precipitate with sulphuretted hydrogen 
water and dilute hydrochloric acid is evaporated, oxidised with a drop of 
nitric acid, precipitated with ammonia, the precipitate filtered off, redis- 
solved in hydrochloric add, precipitated again with ammonia, washed, 
dried, ignited, and the iron oxide obtained weighed. Fe 2 0 3 X 0-6994 = Fe. 

As a check, it can be dissolved by warming with a little hydrochloric 
acid, the diluted solution warmed to 70° with potassium iodide, cooled, 
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and the free iodine titrated with sodium thiosulphate in presence of 
starch solution. 

The ammoniacal filtrate fronj the ferric hydroxide is treated with 
ammonium sulphide and gently warmed for at least twenty-four hours. 
Any precipitate that separates is filtered off, washed, and immediately 
treated on the filter paper with dilute acetic acid so as to dissolve any 
manganese sulphide mixed with the zinc sulphide. The trace of zinc 
sulphide is dissolved off the paper in a little hydrochloric acid, the 
solution evaporated to dryness in «a small weighed platinum dish, some 
moist precipitated mercuric oxide added (which must volatilise without 
leaving any weighable residue), the whole evaporated to dryness, 
gradually heated to a bright red heat, and the residue of zinc oxide 
weighed (Volhard’s method). ZnO x 0*8034 = Zn. 

The acetic acid solution is evaporated, any manganese precipitated 
with potassium hydroxide, the precipitate filtered off, the filter paper 
washed, dried, ignited, the residue ignited with good access of air and 
weighed. Mn 3 0 4 x 0-7203 = Mn. 

The silver 1 in refined lead is nearly always determined by cupella- 
tion (of. " Silver,” p. 105) ; the content of lead is given by difference. 

Remarks . — On account of the impurities in soft lead being present 
in extremely minute quantities, its analysis is most difficult and demands 
much practical experience. The acids and other reagents used must be 
carefully tested for impurities, and the filter papers must be free from 
iron. In spite of all care, on account of the lengthy analysis, dust folds 
its way into the solutions, which causes the iron content to invariably 
come out too high. 

For the manufacture of white lead, accumulators, etc., only the most 
exceptionally pure l^jnds of soft lead are suitable. 

IV.— Analysis of Hard Lead (Antimonial Lead) 

Nissenson and Neumanns Method ? — Hard lead is now generally 
manufactured in metallurgical works with a high content of antimony 
(up to 28 per cent.) ; a weighing of 1 to 2-5 g. is sufficient for the estima- 
tion of the antimonyand impurities (copper, arsenic, and frequently tin). 

1 The silver in soft lead may be accurately determined by wet methods according to Bannow 
and Kramer (who were the first to recognise the bad effect of silver on lead for the manufacture 
of white lead, arising from a red coloration due to oxide of silver), by digesting at least 200 g. 
with insufficient nitric acid for its complete solution (400 c.c. of nitric acid of sp. gr. 1*2 for 200 g. 
of lead) for a long time, pouring off the solution, dissolving the residue in dilute nitric acid, 
and precipitating the silver by the addition of an aqueous solution of lead chloride. If the 
residue does not dissolve completely in nitric acid (lead antimoniate, etc.), the insoluble matter 
is filtered off, dried, fused with sodium carbonate and sulphur, the melt lixiviated with water, 
the residue (lead sulphide with a little silver sulphide) dissolved in nitric acid, the solution 
added to the above solution containing silver, and the silver then precipitated with lead chloride* 

2 Chem , Zeity 1895, r 9 > ir 4 2 J J "• S°c. Chem . Ind., 1895, 14, 1063. 



234 


METALS OTHER THAN IRON 


Nissenson and Neumann dissolve t - 5 g. of metal in a 250 c.c. flask 
by warming with a mixture of 4 c.c. of nitric acid (sp. gr. 1*4), 15 c.c. of 
water and 10 g, of tartaric acid ; after cooling, 4 c.c. of concentrated 
sulphuric acid are added, the solution diluted, cooled, and made up to 
the mark ; the lead is thus completely precipitated as sulphate. The 
solution is filtered through a dry paper, 50 c.c. of the filtrate (corres- 
ponding to 0*5 g. of metal) made strongly alkaline with sodium 
hydroxide, 50 c.c. of a cold saturated solution of pure sodium sulphide 
added, the solution boiled, filtered, th<* residue washed, and the solution, 
heated to about 8o° (and kept at this temperature in the dish by means 
of a micro-burner), electrolysed in a matted dish for an hour with 
a current of 2 amperes and an E.M.F. of 2 to 3 volts. Up to 0-2 per 
cent of any arsenic present may (according to W. Witter) be deposited 
with the antimony ; tin is not deposited. 

The dish is washed with water without interrupting the current, the 
apparatus then taken apart, the dish washed a few times with hot water 
and once finally with absolute alcohol, then dried at 90°, either in an air- 
bath or on a boiling wate*-bath, and weighed, after allowing to cool fdr 
thirty minutes. The antimony, which is especially adherent to the 
inside of the matted dish (p. 162), is dissolved off by a mixture of dilute 
nitric and tartaric acids. 

For the estimation of the copper, the precipitate (copper sulphide) 
formed on warming with sodium sulphide is dissolved in nitric acid, the 
solution filtered, and the copper determined electroly tically ; or if only 
a small amount be present, it may be estimated colorimetrically. 

If the hard lead contains tin, the solution from which the antimony 
has been deposited, together with the washings, are evaporated to 1 50 c.c., 
25 g. of ammonium sulphate added, the solution boiled and then electro- 
lysed for one hour at a temperature of from 50° to 6o°, with a current of 
1 to 2 ampires at 3 to 4 volts. The dish is washed without breaking 
the circuit, any sulphur which has separated on the surface of the tin 
removed mechanically, the dish rinsed out with water, dried, and weighed. 

Since the amount of tin is usually very small, it may be precipitated 
as sulphide in the solution from the deposition of the antimony by 
acidifying with dilute sulphuric acid. The precipitate is filtered off, 
dried, and, by very careful heating and final strong ignition with addition 
of ammonium carbonate in a porcelain crucible, converted into stannic 
oxide, which Is weighed. 

If the hard lead contains tin and arsenic, these are best separated 
by F. W. Clarke’s 1 method. 

1 Cf. Fresenius, Quantitative Analysis, 7th ed., vol. i., p. 490. On the precipitation of 
antimony by sulphuretted hydrogen in the presence of oxalic add, see: — F. W. Clarke, Chem. 
News, 1870, 21, 124 ; Lesser, 21 ayiaL Chem., 1888, 27, 218 ; Warren, Chem . News , 1890, 62, 
216 ; J. Clark,/. Chem, Soe. t 1892, 6l } 424 ; Hens, 2 . anorg. Chem., 1903, 37, I, 
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W. Witter 1 effects the separation as follows: — Fifty c.c. of the 
filtrate from the lead sulphate (see above), corresponding to 0-5 
g. of metal, are made alkaline with ammonia, just acidified with 
hydrochloric acid, 30 g. of oxalic acid added, and sulphuretted hydrogen 
passed through the boiling solution for twenty minutes. Antimony, 
arsenic, and copper are precipitated, the small amount of tin remaining 
in solution. The hot solution is filtered, made slightly ammoniacal, 
sufficient ammonium sulphide added to redissolve the precipitate at 
first formed, saturated with acetic*acid, the precipitate (tin sulphide and 
sulphur) allowed to settle, filtered off, and converted into oxide as above. 

The arsenic is extracted from the antimony-arsenic precipitate with 
ammonium carbonate solution, reprecipitated by acidifying with hydro- 
chloric acid, and finally weighed as magnesium pyroarsenate (cf. Arsenic, 
p. 2 72). The antimony sulphide is then dissolved in 50 c.c. of a cold 
saturated solution of sodium sulphide, in which 1 g. of sodium hydroxide 
is dissolved, the solution heated, and the antimony deposited electro- 
lytically in a platinum dish. (The separation of arsenic and antimony by 
precipitating the arsenic with sulphuretted hydrogen in strong hydro- 
chloric acid solution may be more accurate.) 

The small amount of copper sulphide remaining on the filter paper 
is dissolved in nitric acid, excess of ammonia added, and the copper 
estimated by titrating with potassium cyanide {cf. p. 173). 

For the volumetric determination of the antimony in hard lead, 
H. Nissenson and P. Siedler 2 recommend their modification of* S. 
Gyory’s 3 method, in which the antimony is titrated with potassium 
bromate. This solution is made up by dissolving 2-7852 g. of re- 
crystallised potassium bromate, dried at ioo°, and diluting to 1 litre ; 
1 c.c. corresponds exactly to 6 mg. of antimony, according to the 
equation : — 

2 KBr 0 3 4* 2HCI 4 - 3Sb 2 0 3 = 2KCI + 2HBr + 3Sb 2 0 5 . 

The method, as further slightly modified by H. W. Rowell, 4 is 
carried out as follows : — About 1 g. of the metal, as finely subdivided 
as possible, is gently warmed in a flask with 20 e.c. of brom-hydrochloric 
acid (saturated solution of bromine in fuming hydrochloric acid), the 
contents being frequently shaken and warmed till completely decom- 
posed or dissolved. When solution is completed, it is boiled until the 
vapours appear but slightly yellow in colour. After cooling somewhat, 
small pieces of sodium sulphite, about 3 or 4 g., are added in two to three 
portions with shaking, the solution boiled for about five minutes to 

1 Private communication to Prof. Pufahl. 

2 Chem . Zeit. , 1903, 27, 749 j J $ 00 - Chem. Ind, t 1903, 22, 967. 

3 Z. anal , Chew., 1S93, 32, 415 ; 7 Chem . Soc. Abstr 1893, 64, 554 - 

4 /. Soc. Chem . Ind. y 1906, 25, 1181. 
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drive off the sulphur dioxide, again bcfiled after the addition of 20 c.c. 
of strong hydrochloric acid and 40 c.c. of hot water, and the hot solution 
titrated with the potassium bromate solution. If much arsenic (4 to 5 
per cent.) be present, it is necessary to boil down after the addition of 
the sulphite, take up with 20 c.c. of hydrochloric acid and a crystal of 
sodium sulphite, and then continue as above. A few drops of methyl 
orange are added as indicator, and when the red colour disappears, the 
titration is finished. 

The results are very good and nofr influenced by the copper (0-5 per 
cent, at most) and small quantity of iron which are present in hard lead. 

Analysis of Hard Lead by the determination of the Specific 
Gravity. — The method recommended by G. Faunce, 1 which was not 
at first adopted on account of the inaccuracies in manipulation, has 
recently been investigated, and made practicable, by F. W. Kiister, 
P. Siedler, and A. Thiel ; 2 they obtained excellent results when the alloys 
under consideration were solidified without formation of blow holes. 
On testing a hard lead, prepared by melting together 24 g. of pure lead 
and 6 g. of pure antimoay in an atmosphere of hydrogen, the mean of 
sixteen determinations gave a specific gravity of 9*977, and the greatest 
difference from the actual antimony content worked out at 0-08 per 
cent. The calculation is based on the fact that hard lead containing 
20 per cent, of antimony has a specific gravity of 9*977 (Faunce gives 
9*974), and that in this alloy the specific gravity varies by 0*060 if the 
antimony content varies by x per cent, (according to Faunce). 

In English works the following table is often used to give approxi- 
mately the amount of antimony contained in antimonial lead : — 


Spec. gray. 

Per cent. Sb. 

Spec. grav. 

^Per cent. Sb. 

11*40 

Nil 

10*65 

10*0 

11*35 

0*64 

10*60 

10*7 

11*30 

1*27 

10*55 

11*4 

11*25 

1*90 

10*50 

12*1 

11*20 

2-5 

10*45 

12*8 

11*15 

3*1 

10*40 

13-6 

11*10 

3*8 

10*35 

14*4 

11*05 

4*4 

10*30 

r 15*2 

11*00 

5*1 

10*25 

16*0 

10*95 

5*8 

10*20 

16*8 

10*90 

6*5 

10*15 

17*6 

10*85 

7*2 

10*10 

18*4 

10*80 

7*9 

10*05 

19*2 

10*75 

8*6 

10*00 

20*0 

10*70 * 

9*3 




Silver in hard lead is always determined in the dry way (cf Silver, 
p. r 10 ) by scorification and cupellation. 

1 /. anal . Chem 1887 , 1. 123 . 


2 Chem. ZeiL, 1902 , 26 , 1107 . 
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The’ analysis of hard lead without the use of the electrolytic method 
of estimation is described by Fresenius. 1 2 

V. — Analysis of Work Lead (cf also, pp. no and 128) 

The work lead as obtained directly from the ores contains 96 to 99 
per cent, of lead, and is either refined, desilverised, and worked up into 
soft lead at the smelting works, or sent to special refining works. Since 
the content of impurities is mujh higher than in soft lead, a much 
smaller weighing suffices for the analysis, which may be carried out in 
exactly the same way as a soft lead analysis (cf. pp. 229 et seq.). 

On account of the higher content of antimony, it is best dissolved 
in a mixture of nitric and tartaric acids. 

H. Nissenson and B. Neumann 3 dissolve, according to the purity 
of the sample, 10 to 50 g. ; for 10 g., 16 c.c. of nitric acid (sp. gr. 1*4), 
60 c.c. of water, and 5 to 10 g. of tartaric acid is sufficient. The amount 
of tartaric acid given is sufficient to bring all the antimony in 50 g. 
into solution. The lead is precipitated out of this solution by the 
addition of sulphuric acid, 3 c.c. being added for every 10 g. of metal 
taken, and the solution filtered free from lead. 

If the precipitation is done in a graduated flask, which is filled to 
the mark after cooling, and only a measured quantity of the solution as 
filtered through a dry paper taken for analysis, the volume of the lead 
sulphate (2-15 c.c. per 10 g. of lead) must be subtracted, in the manner 
given by Fresenius 3 for the analysis of soft lead. 

The filtrate from the lead sulphate is evaporated and treated with 
sodium hydroxide and sodium sulphide as in the analysis of hard lead 
according to Nissenson and Neumann (p. 234). Arsenic, antimony, 
and tin are dissol^fd, separated, and determined as described. The 
residue contains copper, silver, bismuth, cadmium, zinc, iron, cobalt, and 
nickel, and is further treated as in the case of the analysis of soft lead. 
Silver is determined in a separate weighing by cupellation (cf. pp. 105 
et seq.). 

Nissenson and Neumann recommend the following method for the 
estimation of only •the antimony and copper: the antimony is deter- 
mined electrolytically (as in the case of hard lead), and the residue from 
the treatment with sodium sulphide dissolved in aqua regia, saturated 
with ammonia, filtered, and the copper estimated colorimetrically in a 
portion of the ammoniacal solution (p. 179). 

The sulphur in work lead is determined by heating a fairly large 
weighing in a current of chlorine, collecting the sulphur chloride in a 

1 Quantitative Analysis , *jth. ed., vol. ii., p. 375 * 

2 Cheni. Zeit 1895, 19, 1142. J. Soc. Chem. Ind ,, 1895, 14, 1063. 

3 Quantitative Analysis , 7th ed., yol. ii., p. 373 * 
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receiver and precipitating the sulphuric acid formed from the chloride 
by barium chloride. 

» • 

VI. — Lead Matte, Copper Lead Matte, and Litharge 

The silver in these mixtures of sulphur compounds of iron, lead, 
copper, etc., is always determined by dry methods or by a combined 
wet and dry method {cf pp. 109 and 222). Lead and copper may be 
determined by the method given fey copper pyrites containing lead 
(p. 183). The lead sulphate is dissolved in ammonium acetate, the 
solution either precipitated with sulphuric acid or titrated with 
ammonium molybdate, or the sulphate converted into carbonate, which 
is dissolved in nitric acid and electrolysed, etc. {cf Wet Methods of 
Assaying Lead Ores, p. 222). The copper may be determined either 
electrolytically or volumetrically {cf Copper Assays for Ores, p. 18*3). 

Nissenson and Neumann (loc. cit.) dissolve 1 g. of matte in 30 c.c. 
of nitric acid (sp. gr. 1*4) ; the solution is boiled, diluted, filtered, and the 
lead deposited electrolytically as peroxide in a matted platinum dish. 
Any copper separated on the cathode soon dissolves in the strong 
nitric acid solution freed from lead. The solution is evaporated with 
excess of sulphuric acid, the residue taken up with water, the copper 
precipitated in the boiling solution by sodium thiosulphate, and finally 
estimated as copper oxide. 

litharge is analysed either by dry methods {cf Lead Assays for 
oxidised Ores, etc., p. 222) or is fused with sodium carbonate and sulphur, 
the melt lixiviated, arsenic and antimony estimated in the solution, and 
lead, bismuth, copper, and iron estimated in the residue by the methods 
given for the analysis of soft lead (pp. 229 et seq.). The amount 
of copper, which is generally small, may also be determined colorimetri- 
cally (p. 179). The silver in the litharge is estimated by the cupellation 
of the lead button obtained by the lead assay. 

VII.— Rich Lead Alloys 1 

Tin-Lead Alloys Rich in Lead. — One gram of tEe very finely divided 
alloy (rolled or scraped) is completely decomposed by warming in 
a covered porcelain or platinum dish with 20 c.c. of nitric acid of 
sp. gr. 1*2. One hundred c.c. of boiling water are then added, 
boiled for five minutes, and the tin oxide filtered off {cf Bronze 
analysis, p. 208). In the filtrate the lead is estimated by evaporation 
with sulphuric acid, etc. Since the oxide of tin generally contains small 
quantities of lead, it is fused after weighing, with sodium carbonate and 
sulphur, and any lead sulphide remaining after Hxiviation with water 

1 For the analysis of Hard Lead, cf pp. 233 et seq . 
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converted into sulphate, which is weighed as such, and the corresponding 
amount of lead oxide deducted from the weight of impure stannic 
oxide (cf. also, pp. 212 et seq .). 

Antimony is often present in these alloys, and special precautions 
are then necessary. 

Type-metal (Lead, Antimony, Tin). — If it contains only a few 
per cent, of tin, type metal is analysed like hard lead and dissolved in 
dilute nitric and tartaric acids ( cf p. 234). If it contains a higher 
content of tin, it is treated like ^nti-friction or white metal ( cf Tin, 
p.258). 

For determining the lead in alloys of lead, tin, and antimony, Parry 1 
recommends the separation of the lead in alkaline solutions ; the 
sulphide is then dissolved in hydrochloric acid with the addition of 
potassium chlorate, neutralised with ammonia, followed by acetic acid, 
and titrated with potassium chromate. 

Shot. — Shot contains from 0*2 to o*8 per cent, of arsenic in 
addition to the lead. One gram of the shot, flattened by striking with a 
hammer, is dissolved in an Erlenmeyer fl^sk by warming on the 
sand-bath with 20 c.c. of dilute nitric acid (sp. gr. 1*2). Ten c.c. 
of distilled sulphuric acid are added, and the solution boiled till 
sulphuric acid fumes are evolved. The cold residue is taken up with 
water, the lead sulphate filtered off, the filtrate boiled with 20 c.c. 
of sulphurous acid solution till no smell is recognisable, so as to 
reduce the arsenic, which is then precipitated by passing in sulphuretted 
hydrogen, and finally weighed as magnesium pyroarsenate. 

In most cases the arsenic is best determined by distillation at 120° 
with a solution containing 600 g. of calcium chloride, 300 g. of ferric 
chloride, and 600 c.c. of hydrochloric acid in 1 litre. The solution is 
boiled gently in the^presence of antimony {cf Estimation of Arsenic 
in Copper, p. 196) for twenty minutes, the distillate collected in a 
(J-tube containing a little water, neutralised with ammonia, just 
acidified with hydrochloric acid, sodium bicarbonate added, and then 
titrated with iodine. In the presence of a small quantity of sulphur 
a little solid mercuric chloride is put into the distillation flask to prevent 
sulphuretted hydrogen coming over and reprecipitating the arsenic in 
the U-tube. 

Fernandez-Krug and Hampe employ the following method for the 
analysis of hard lead, type-metal, shot, etc. : 1 g. of the filings or 
clippings of the alloy are dissolved in a tall beaker in the cold or, at 
most, at a gentle heat in 12 c.c. of aqua regia (prepared from one 
volume of nitric acid of sp. gr. 1*4 and three volumes of hydrochloric 
acid of sp. gr. 1*12). The separated lead chloride is filtered through as 
small a paper as possible and washed, first with 25 per cent, hydro- 

1 Analysis of Ashes and Alloys, 1908, p. 40. 
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chloric acid and then with absolute alcohol, and weighed hs usual 
PbCl 2 x 0-7449 = Pb. The filtrate, diluted to 500 c.c., is saturated with 
sulphuretted hydrogen, the precipitate allowed to settle for twelve 
hours, filtered through an asbesto^ filter, washed with water con- 
taining hydrochloric acid and sulphuretted hydrogen, and dried at 
ioo°. The filtrate is again saturated with sulphuretted hydrogen, 
and may serve for the estimation of the iron, nickel, zinc, and man- 
ganese. The dried precipitate, along with the asbestos filter, is 
placed in a porcelain boat and geptly warmed in a current of pure 
dry chlorine in a piece of combustion tubing (cf pp. 258 et seq t) 3. Tin 
Alloys). The chlorides of arsenic, antimony, tin, and finally bismuth, 
volatilise and are collected in a three-bulb U’ tu ke containing 
50 c.c. of strong hydrochloric acid (consisting of one volume of 
fuming acid and one volume of acid of sp. gr. 1*12); lead and 
copper chlorides remain behind and may easily be separated from 
one another by absolute alcohol The hydrochloric acid solution 
containing the volatile chlorides is treated with 5 g. of pure ferrous 
sulphate, so as to render the arsenic easily precipitable by means* of 
sulphuretted hydrogen, and then saturated with sulphuretted hydrogen 
in a flask, closed by a rubber stopper, through a hole in which passes 
the tube through which the sulphuretted hydrogen is led in. The 
arsenic Is completely precipitated in twelve hours, filtered through an 
asbestos filter, washed with strong hydrochloric acid, and further treated 
in the usual manner (cf Arsenic, p. 271). The sulphuretted hydrogen 
is removed from the filtrate by a current of carbon dioxide, and finally 
with a little brom-hydrochloric acid, the greater part of the acid 
carefully neutralised with ammonia, and the antimony then precipi- 
tated by a few grams of chemically pure (electrolytic) iron. The 
precipitation is carried out in a 250 c.c. round^ 5 ottomed flask, on to 
which a tubulure, and at an angle of 120° to that a filter tube, closed 
with an asbestos filter, are blown. During the reduction, carbon 
dioxide, which can escape through the asbestos filter, is passed into 
the flask through the tubulure ; when the separation of the antimony 
and solution of the iron are completed, the filter tube is brought 
Into a perpendicular position, and the liquid *knd washings forced 
through the filter by means of carbon dioxide. Oxidation of the 
antimony during filtration and washing is thereby completely prevented. 
If it is desired to weigh the antimony as such, it is washed finally with 
absolute alcohol and dried at ioo° with the asbestos filter (previously 
dried and weighed). It is better to dissolve the antimony in 
hydrochloric acid with the addition of a little potassium chlorate, and, 
after reduction of this solution with sulphurous acid, to titrate with 
potassium bromate solution (cf p. 235, Volumetric Determination of 
Antimony in Hard Lead). The determination of the tin in the filtrate 
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is effected by precipitation with suiphuretted hydrogen, filtering off the 
brown precipitate of tin sulphide, and weighing as oxide ( cf. Tin; 3. 
Tin Alloys, p. 260). Bismuth f may be accurately separated from 
arsenic and antimony by means of alkaline sulphides. 

VIII.— Waste Lead and Lead Ashes 

Dry Method . — A large average sample of several kilograms weight 
is hammered, the proportion by weight of the flattened metal to the 
fines determined, each weighed out in this proportion so as to give a 
total weighing of 50 g., and in this the metal reduced by fusion with 
sodium carbonate and charcoal, borax, and a covering of common salt 
in an iron crucible ( cf. p. 220). The impurities may be determined in 
the button of lead according to the methods given for the analysis of 
work lead and hard lead. 

Wet Method . — Ten grams in all of a mixture of the metallic and the 
oxidised earthy portions are weighed, dissolved in 75 c.c. of nitric 
add of sp. gr. 1*2 with the addition of a few* grams of tartaric acid, 
the solution filtered after dilution with water, cooled, diluted to 500 c.c., 
SO c.c. (corresponding to I g.) taken, the lead precipitated as sulphate 
by the addition of 5 c.c. of sulphuric acid, and weighed as such. 
The impurities (antimony, copper, etc.) may be estimated in the filtrate 
by the usual methods. 

Lead ashes, which frequently contain lead sulphate, are treated with 
nitric acid, the residue washed, boiled with neutral ammonium acetate, 
the filtrate diluted to 500 c.c., in 50 c.c. of which (corresponding to 1 g. 
of substance) the lead is precipitated with sulphuric acid. 

V' 

IX —Lead Slags 

For the determination of lead in slags containing much lead, the 
dry assay gives sufficiently accurate results, but for slags containing 
only little lead the volumetric method is preferable. From 2 to 5 g. 
of the finely powdered slag are dissolved in aqua regia, evaporated to 
dryness to dehydrate*the silica, taken up with dilute hydrochloric acid, 
diluted and filtered. The filtrate is nearly neutralised, and sulphuretted 
hydrogen passed in to precipitate the lead as sulphide. The precipitate 
is filtered off; washed, dissolved in nitric acid, and the solution evaporated 
with sulphuric acid to separate the lead as sulphate ; this precipitate is 
then washed, dissolved in ammonium acetate, and titrated with 
ammonium molybdate (cf. p. 228). 

F. S. Schimeska 1 has modified this method in order to adapt it 
to the rapid determination of lead in slags. In this case 2 g. of the 
1 Eng . and Min . J , 1910, 89, 467. 
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slag are weighed into a 250 c.c. flask, 15 c.c. of water added, # the whole 
boiled, and then 5 c.c. of concentrated hydrochloric acid added whilst 
agitating^ the flask. Immediately solution is complete, 140 c.c. of cold 
water are added, followed by 50 c.c. of saturated sulphuretted hydrogen 
water; the flask is then stoppered a^d vigorously shaken for fifteen 
' seconds. The lead and copper present, which are precipitated in flakes 
of sulphide, are then filtered off. The occasional precipitation of zinc 
is of no consequence, and if small particles of slag remain undissolved, 
they will be attacked in the subsequent treatment The addition of 
water to the hydrochloric acid solution of the slag is made quickly, so 
as to prevent the formation of gelatinous silica. The proportions of 
acid and water given above must be used, otherwise the lead will not 
be precipitated. The sulphide precipitate is filtered on to an asbestos 
filter on the pump, washed twice with water, transferred to a porcelain 
dish, 2 c.c. of concentrated nitric acid and 8 c.c. of concehtrated 
sulphuric acid added, and the whole boiled until nitrous fumes cease 
to be evolved. After cooling, 40 c.c. of water are added, the liquid 
boiled and then filterecUon paper or on an asbestos filter ; any copper 
will be found in the filtrate. The filter and precipitate are boiled with 
ammonium acetate solution, and the solution containing the lead 
titrated with ammonium molybdate solution. 

X.— Lead Glazes 

The Home Office gives the following method 1 for the estimation of 
the soluble lead in lead glazes : — A weighed quantity of the finely 
ground and dried material is shaken continuously for one hour with 
one thousand times its weight of 0*25 per cent hydrochloric acid, and 
filtered after standing for one hour. The *hrad is precipitated as 
sulphide in an aliquot part of the filtrate, and then weighed as sulphate. 

BISMUTH 

Bismuth is produced partly directly from ores and partly from inter- 
mediate products arising in the working up or work lead containing 
bismuth (litharge, furnace bottoms, and cupels containing bismuth). 

Of the numerous minerals containing bismuth, the following ores are 
of practical importance : — 

Native Bismutfi , often containing some arsenic. 

Bismut kite , Bi 2 S 8 , with 81 >2 per cent. Bi. 

Emplecite , CuBiS 2 , containing 62*0 per cent. Bi and 18*9 per cent. Cu. 

Bismuth Ochre , Bi 2 0 3> with 89-6 per cent. Bi, containing always some 
H 2 0 , C 0 2 , and Fe 2 O s , and, less frequently, As 2 0 5 also. 

1 Cf. Vol. I., p. 599. 
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The ores, metallurgical products containing bismuth, and the bismuth 
aloysare always analysed by wet methods; the dry assays 1 for ores 

thanT’ 0n account . of the •greater volatility of bismuth, less, accurate’ 

. , “ rres P°nding lead assays, and an impure metal always results 

since lead copper, antimony, arsenic, iron, etc., are easily retained by 

drv assT / , 2 n y ^ metals in the ores > etc - a ^e determined by ' 
ary assays [cf. Silver). * 

I— Analytical Methods foR Ores and Metallurgical 

Products 

Fresenius’ Method . 2 

™ IS m f^° d is l uit - ed t0 aI1 ores > and takes into consideration the 

fron coLl Ti ’ Sad ; C ° Pper ’ silver ’ 2° Id > antimony, arsenic, tin, 
iron, cobalt, nickel, zinc, sulphur, and tellurium. 

_ F °f the determination of the bismuth, 2 to 5 g. of the very finely 
ground ore d„ed at 100 , are dissolved in nitric acid ofsp. gr. 1.3 (30 to 
75 Ac ) with the addition of 2 to 5 g. of tartar* acid, in a flask placed 

t rST g rf° n ,° n asand - bath - The solution, somewhat diluted, is 
filtered, the filtrate diluted to 100 or 250 c.c., and sulphuretted hydrogen 

passed m to saturation in the cold. The precipitate is filtered off 
washed with sulphuretted hydrogen water, and boiled with sodium 
sulphide solution. The insoluble sulphides are collected on a filter 
paper, washed, dissolved by warming with dilute nitric acid, and the 
solution filtered (from sulphur and any lead sulphate). Sodium 
carbonate is added to the nitric acid solution (of bismuth, lead, copper 
silver) until a permanent precipitate is formed, and then a few grams of 
pure potassium cyanide. After digesting at a gentle heat for some 

^ ° u . oni ~ bour )> the bismuth and lead carbonate precipitate, 
which retains alkali, is filtered off. F F 

F .° r * h . e “Potion of the bismuth from the lead, the carbonates are 
dissolved in hot, dilute nitric acid, the solution evaporated with a good 
excess of sulphuric acid (about 4 c.c. for a weighing of 1 g.), the residue 
taken up with a liberal ^supply of dilute sulphuric acid and well boiled, 
the lead sulphate, free from bismuth, filtered off and washed with 10 per 
cent, sulphuric acid. The acid bismuth sulphate solution is diluted, a 
s ight excess of ammonia added, gently warmed, the bismuth hydroxide 
filtered off and washed for a short time. The impure hydroxide, 
contaminated with some basic sulphate, is dissolved .in a little nitric 
acid, the pure hydroxide precipitated as above with a slight excess 

B-o, m x"TiV a Bl: dryi " g ' converted in, ° oxW ' * 

; “ d * d - p - 
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If the amount of bismuth is c small (up to oi g.), ttie washed 
hydroxide is dissolved off the filter paper by dropping hot, dilute nitric 
acid on to it from a pipette. The solution is evaporated on the water- 
bath in a weighed porcelain crucible, the crucible then heated on a 
sand-bath, and the nitrate finally completely decomposed by ignition 
over a free flame. 

Larger quantities of the hydroxide are dried, separated as completely 
as possible from the filter paper, the portion that remains attached 
dissolved off as above, the solution evaporated, and then the dried 
bismuth hydroxide added, etc. 

The separation by means of sulphuric acid is satisfactory, provided 
plenty of acid be used, and the residue be not treated with too much 
water. Fernandez-Krug and Hampe give the following method for 
the detection of any retained basic bismuth sulphate : — The washed 
lead sulphate is washed off the filter paper, the water removed by 
evaporation, and the sulphate converted into chloride by warming 
with concentrated hydrochloric acid. After cooling, about 50 c.c. of 
absolute alcohol are added to the small volume (about 5 c.c.) of hydro- 
chloric acid solution (H. Rose’s method), the solution stirred, and after 
standing for a short time, the alcoholic solution containing all the 
bismuth (present in the lead sulphate) as chloride is filtered. On 
diluting with a large volume of water, the bismuth is precipitated as 
oxychloride, and thus separated from any trace of lead chloride which 
may have gone into solution. 

H. Rose’s 1 method of separation, depending on the insolubility 
of lead chloride in strong alcohol, is less convenient to carry out 
than the foregoing separation by means of sulphuric acid. The dilute 
bismuth and lead nitrate solution, corresponding to a weighing of about 
I g., is evaporated to quite a small volume (3 c.c.), rather more strong 
hydrochloric acid than is necessary for the formation of the chlorides 
(5 c.c.) added, and stirred for a few minutes at a very gentle heat. 
After cooling, 25 c.c. of absolute alcohol are added, the solution stirred, 
the lead chloride filtered off after some time, and washed, first with 
absolute alcohol and a few drops of hydrochloric acid, and finally with 
absolute alcohol. By diluting the filtrate from Che lead chloride with a 
quantity of water (500 c.c.), all the bismuth is precipitated as oxy- 
chloride, which, after standing for twenty-four hours, is filtered on to a 
tared, dried filter paper, dried at no°, and weighed as bismuth oxy- 
chloride. BiOClxo*8oi5 = Bi. 

It is quicker to drive off the greater part of the alcohol in the 
bismuth solution by gently warming, and then precipitate the bismuth 
hydroxide by a slight excess of ammonia, and weigh as oxide as above. 

The estimation of the remaining constituents in bismuth ores is 

1 T? /-\c T? Jnl/onor Oitninl-i !n1*> A+mhuca n tfc.lt 
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fully described by Fresenius (Joe. tit.). The noble metals are always 
determined by dry assays (cf Silver and Gold). 

The analytical methods, which appear somewhat complicated, may 
in many cases be much simplified, according to the composition of the 
ores. If, for instance, bismutfiite, containing only copper pyrites 
(CuFeS 2 ) as impurity, is in question, the first precipitate, with 
sulphuretted hydrogen (Bi 2 S 3 +^*CuS), naturally need not be extracted 
with sodium sulphide solution; the copper sulphide is preferably 
removed by potassium cyanide solution, the residue of bismuth sulphide 
dissolved in hot, dilute nitric acid, a slight excess of ammonia added, 
and the precipitated hydroxide converted into bismuth oxide and 
weighed as such. 

Bismuth ochre, if it only contains iron and gangue as impurities, is 
still simpler to analyse. The filtered diluted nitrate solution is 
saturated with sulphuretted hydrogen and the bismuth sulphide treated 
as given for “ bismuthite.” Bismuth ochre containing arsenic is best 
dissolved in hydrochloric acid, the gangue filtered off, and the bismuth 
and arsenic precipitated in the somewhat# diluted solution, by 
sulphuretted hydrogen, etc. (Bismuth arsenate dissolves readily in 
hydrochloric acid and in hot, strong nitric acid ; it is insoluble in cold, 
dilute nitric acid) The precipitation of the bismuth as oxychloride by 
dilution of the hydrochloric acid solution is less reliable. 

W. Heintorf’s Methods . 1 

(For Metallurgical Products containing Bismuth with Lead and Silver .) 

In these methods, which are much recommended, a nitric acid solution 
is prepared, from which the lead is precipitated by sulphuric acid, and 
the silver at the same'bime by sodium chloride. The bismuth in the 
evaporated, concentrated filtrate is precipitated by ammonium carbonate 
and ammonia, the precipitate washed with hot water, dissolved in dilute 
hydrochloric acid, and the bismuth precipitated out of the solution as 
metal by means of metallic iron. The metal is washed by decantation 
with hot water, collected on a weighed filter paper, washed once with 
alcohol, dried for some*hours in an air-bath, and the paper and bismuth 
then weighed between watch-glasses. 

(a) Refined Litharge. — Two hundred and fifty to five hundred grams 
of material are fused with potassium carbonate and flour, etc. (cf. Dry 
Lead Assays, p. 222), in five to ten assays (of 50 g. substance), and the 
metal so reduced further scorified in a muffle furnace* till the weight is 
reduced to two-fifths of the original weighing. The lead thus enriched in 
bismuth is flattened out, dissolved in hot, dilute nitric acid, and the lead 
and silver precipitated from the solution. The bismuth in the filtrate 
1 Berg. u. Hiitten . Zeit., 1894 , 53 , 351 ; Mineral Industry , 1894 , 3 , 425 . 
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from the lead sulphate and silver chloride is washed eight times with 
water, acidified with sulphuric acid, precipitated as carbonate, dis- 
solved in dilute hydrochloric acid, and the bismuth then precipitated by 
warming The solution with two or three pieces of iron wire 4 cm. long. 
The precipitation is known to be completed when a bright piece of 
iron wire dipped into the solution shows no deposition of bismuth. The 
acid liquid is poured off, the iron and bismuth washed into a porcelain 
dish, the bismuth detached from the iron by the fingers, and then the 
iron removed. After decanting several times with hot water and 
pouring the decanted washings through a weighed filter paper on 
account of fine particles of bismuth floating on the surface, the whole of 
the bismuth is washed on to the paper, washed once with absolute 
alcohol, dried, and weighed. 

(b) Litharge poor in Bismuth. — Twenty-five grams are dissolved in 
nitric acid and treated as given under (a). 

(c) Furnace Bottoms. — Five grams are fused with “ white flux,” 
borax, and glass in a crucible, and the work lead obtained flattened, 
dissolved, etc., as given*under (a). 

(d) Crude Silver. — Fifty grams are dissolved in nitric acid, the silver 
precipitated with sodium chloride, the lead with a little sulphuric acid, 
filtered, washed with water, acidified with sulphuric acid, and the 
bismuth precipitated in the filtrate as carbonate, etc., as given under (a). 

(e) Ores (Lead Ores poor in Bismuth). — Five grams are fused in the 
same manner as furnace bottoms poor in bismuth, but with the 
addition of r g. of assay lead free from bismuth. The flattened button 
of work lead is dissolved, etc., as above. 

Hampers Methods for the Determination of Bismuth in Slags 
from the Refining of Silver . 1 

( Obtained on fusion of Crude Silver zvith Quartz Sand and 
Silver Sulphate .) 

One gram of the finely ground and dried slag is digested in a 
platinum dish with about 1 5 cx. of nitric acid for a long time, and then 
10 cx. of concentrated hydrofluoric acid are added. If the slag is 
dissolved, a few drops of concentrated sulphuric acid are added, and the 
contents of the dish are evaporated to dryness. The residue is again 
dissolved in nitric acid and any graphite (from the crucible) filtered off. 
After neutralising the filtrate with ammonia, bismuth, lead, and iron, as 
well as the small quantities of alumina and calcium, are precipitated 
with ammonium carbonate, the solution boiled, and the precipitate 
filtered off. The precipitate is dissolved in nitric acid and sulphuretted 
hydrogen passed into the solution. The precipitated lead and bismuth 
1 Chem. Zeii 1891 , 15 , 410 ; J, Chem . Soc. Absir ., 1892 , 62 , 919 . 
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sulphides need not be treated with sodium sulphide, since antimony is 
only present in traces, but are at once dissolved in nitric acid. The 
solution, filtered free from sulphur, is precipitated with ammonium 
carbonate, taking the usual precautions, the precipitate containing all 
the lead and bismuth filtered ofi£ dissolved in hydrochloric acid, and the 
solution of lead and bismuth cnlorides evaporated to complete dryness. 
The lead chloride is then dissolved by much hot water, whilst the 
bismuth is precipitated as oxychloride and filtered off. The bismuth 
oxychloride is dissolved in nitric Q acid, precipitated with ammonium 
carbonate, filtered, and the filter paper with the precipitate dried. 
When dry, as much of the bismuth carbonate as possible is removed 
from the paper and set on one side. Any carbonate remaining 
attached to the filter paper is dissolved off in nitric acid, the solution 
evaporated to dryness in a weighed porcelain crucible, the greater part 
of the precipitate then added and carefully ignited, after which the 
bismuth oxide is weighed. 

The Colorimetric Determination of Small Quantities of Bismuth . 1 

« 

This method depends upon the fact pointed out by Stone, 2 that an 
excess of potassium iodide, added to a dilute sulphuric acid solution of 
bismuth, produces a yellow colour the intensity of which is directly 
proportional to the amount of bismuth present As it is not necessary 
to obtain the bismuth as a pure salt, practically all the sources of 
trouble in separation are absent. The object is to first obtain a 
solution free from large quantities of lead, copper, tin, antimony, gold, 
and silver, then to precipitate the bismuth as oxychloride, together with 
possible traces of these metals, arsenic, or tellurium, and to apply the 
colorimetric method to the solution of this precipitate in sulphuric acid. 
Ores y mattes , etc., are dissolved in hydrochloric and nitric acids, the silica 
removed as usual, and the filtrates treated as described under copper or 
lead, with the exception that hydrochloric acid must be removed by 
evaporating with sulphuric acid to precipitate any lead. Samples 
containing large amounts of tin, antimony, or arsenic may be fused 
with a mixture of equal parts of sodium carbonate and sulphur, and 
the melt dissolved in*water and boiled, when all the bismuth is found 
in the black residue on filtering, and may be dissolved in nitric acid. 
Ten grams of copper are dissolved in 60 c.c. of nitric acid (i : i), the 
solution diluted with 150 c.c. of water, and a saturated solution of 
sodium carbonate added till a slight permanent precipitate forms ; 1 c.c. 
is added in excess, which brings down all the bismuth and some 
copper, and the whole is boiled for five minutes and allowed to settle. 
The precipitate is filtered off, washed once, and dissolved through 
the paper back into the original beaker with hydrochloric acid, and 
1 Rowel], Jl Sac, Chem< Ind.^ 1908, 27, 102. 2 Ibid. x 1 887, 6, 416. 
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the bismuth precipitated as basic* chloride and, if necessary, re- 
precipitated to separate the remaining copper as directed below. 
Ten grams of refined lead y base bullion , etc., are dissolved in 80 c.c. 
of water ahd 20 c.c. of nitric acid (sp. gr. 1*42), boiled to precipitate 
most of the tin and antimony, and a ^mall excess of sodium chloride 
solution (1 : 200) added to precipitate the silver. The lead is precipitated 
by adding 60 c,c. of boiling sulphuric acid (1 : 20), drop by drop, to the 
boiling solution, with constant stirring, and then 30 c.c. of sulphuric 
acid (1 23) in excess. The liquid i$ cooled and allowed to stand an 
hour, filtered, and the precipitate washed several times by decanta- 
tion with sulphuric acid (r : 20). Five c.c. of strong hydrochloric acid 
are added to the filtrate, and a slight excess of ammonia, then a few 
drops of hydrochloric acid (1 : 5), till a drop of methyl orange in the 
solution indicates that it is just acid, when it is boiled for a minute and 
allowed to stand in a warm place for an hour. The precipitate is 
collected on a filter and washed twice, and the acidity of the filtrate 
readjusted to see if it is free from bismuth, or it is tested with 
potassium iodide. The ^filter and precipitate are now pulped with *10 
c.c. of sulphuric acid (1 : 3), 30 c.c. of water added, and the solution 
boiled, cooled thoroughly to separate any lead sulphate, and filtered 
through a Hirsch’s or similar funnel on the filter pump, and the paper 
pulp carefully washed with sulphuric acid (1 : 20). All, or a suitable 
fraction of the filtrate, containing possibly antimony, arsenic, tellurium, 
iron, and traces of lead, copper, or silver, and not more than 2 or 3 mg. 
of bismuth, is placed in one of a pair of 10-inch Nessler tubes, and 5 c.c. 
of sulphuric acid (1:3) with some water in the other, and both are 
shaken up after the addition of 5 c.c. of potassium iodide (20 per cent) 
and ten drops of sulphurous acid (one part saturated solution to two 
parts water). The blank tube is titrated with ^standard solution of 
bismuth (made by dissolving 0*1 g. of pure metal in 10 c.c. of strong 
nitric acid and making up to 1000 c.c. with water), till the colour of 
about 120 c.c. matches that of an equal volume of the test solution. 

Arsenic, antimonic, and nitrous acids and ferric salts, or excessive 
quantities of sulphuric or nitric acids, sulphates, or nitrates throw out 
iodine, which is removed by prolonged boiling^ or more easily by 
sulphurous acid A hot solution of bismuth iodide is a little darker 
than when cold, and in the presence of tellurium, boiling, permanently 
and slightly darkens the colour. A large excess of sulphurous acid 
produces an iodine colour, which is removed by the addition of more 
potassium iodide. ‘“Alkalis in excess, ammonium acetate, hydrochloric 
acid, and chlorides bleach the colour, but the addition of more sulphuric 
acid or potassium iodide restores it. Experiments show that any pre- 
cipitates of copper or silver iodides or metallic tellurium may be 
filtered off without losing any bismuth, but tKat lead iodide carries a 
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large proportion of the bismuth, Vith it. Two milligrams of lead, 
copper, or silver may be present in the Nessler tube without giving a 
precipitate or darkening the colour, but a careful watch must be 
kept on this, as a very slight precipitate considerably darkens the 
tint * 

Two operators using the apparatus shown below, clearly and 
correctly distinguished between the following quantities of bismuth, 
which were unknown to them, and also between various other inter- 
mediate quantities in 125 cc. o£~ solution: — None and 0*00001 g., 
0*00020 g. and 0-000225 g., 0*0010 g. and 0*00105 g., 0*0020 g. and 
0*0021 g., 0-0030 g. and 0*0031 g. ; o-ooooi g. represents one part in 
twelve and a half millions, and these figures show that this colour test 
is at least twice as delicate as Nessler’s test for ammonia, and that the 
limit of error is within 5 per cent of the bismuth present, which means 
that a result of 0*001 per cent is correct to 
within 0-00005 per cent, or a result of o*io 
per cent, is within 0-005 per cent of the 
truth. 

The apparatus is a simple form of colori- 
meter (Figs. 64 and 65), where all light is cut 
off except the small amount diffused through 
the ground glass at the bottom of the front 
side, and reflected through the length of the 
tubes to the eye by the slip of ground white 
glass. The light metal shade is made to fit 
one or both eyes closely, at the discretion of 
the operator, and c^n be removed to manipu- 
late the tubes. A thfn metal partition separ- 

* JC Hi. JP IU-. D£>. 

ates the tubes, all is painted dead black, and A .~Metai shade, 
the light which enters is diffused to prevent B ‘~ G fofcom^a S rison° ontain liquids 
reflection on the polished sides of the tubes 
as much as possible. The apparatus is appli- 
cable to the colorimetric determination of copper, iron, ammonia, and 
titanium as well as of^bismuth. 

II. — Commercial Bismuth 

For some years bismuth has been put on the market in a very pure 
condition, since it is chiefly manufactured for pharmaceutical prepara- 
tions and must comply with the requirements of the Pharmacopoeia (as 
regards its freedom from arsenic, etc.). Smaller quantities of bismuth 
are used for the preparation of fusible alloys (bismuth with tin, lead, 
and also cadmium), whiph, e.g. % find application in safety appliances for 
steam boilers. 
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Crude bismuth is frequently largely contaminated by antimony, 
arsenic, copper, lead, and sulphur. 

Qualitative Detection of the Impurities. — Two grams of the metal 
are dissolved by warming in 30 c.c. qf nitric acid (sp. gr. 1-2) ; if a per- 
manent milkiness is produced of antipiony or tin (bismuth arsenate 
dissolves), 30 c.c. of water are added, the solution boiled for a few 
minutes, and the precipitate, to be investigated later, filtered off Any 
silver in the filtrate is precipitated as chloride by a few drops of 
hydrochloric acid, and the filtrate from the silver chloride evaporated 
to quite a small volume (3 to 5 c.c.). Ten cubic centimetres of fuming 
hydrochloric acid are then added, well stirred, 30 c.c. of absolute 
alcohol added, again well stirred, allowed to stand a quarter of an hour 
and the separated lead chloride filtered off. The filtrate is evaporated 
on the water-bath to 10 c.c., 150 c.c. of boiling water added, the bismuth 
oxychloride filtered off, the filtrate from which is concentrated by 
evaporation to about 20 c.c., and one-half of the solution saturated 
with ammonia : iron is precipitated as brown flocculent hydroxide ; 
copper gives a blue solution. A fair quantity of the oxychloride pre- 
cipitate is dissolved in the other half of the filtrate from the bismuth 
oxychloride by addition of hydrochloric acid, and the solution tested 
for arsenic in a simple Marsh apparatus. Arsenic may also be recog- 
nised by the blowpipe ; alloyed with an equal weight of zinc, bismuth 
containing arsenic evolves hydrogen containing arseniuretted hydrogen 
in a Marsh apparatus. 

Quantitative Analysis.— On solidifying, that part of the metal 
which solidifies last is very rich in impurities, and is squeezed out of 
the bar or cake and solidifies on the surface in the form of a protuber- 
ance. In sampling, this protuberance is removed by a chisel, its 
weight and the ratio of its weight to that of tlie total weight of the 
ingot determined, and then (after pulverising the protuberance) pro- 
portional quantities of the impure protuberance and of the purer, 
remaining part of the ingot mixed for the sample. 

Three grams of the sample are dissolved in 50 c.c. of nitric acid (sp. 
gr. 1-2) and 3 g. of tartaric acid in a flask over a free flame, the 
nitrous fumes boiled off, the solution cooled, brought into a beaker, 
diluted to 200 to 300 c.c., and sulphuretted hydrogen passed in for a 
long time without warming. After several hours the sulphides are 
filtered off, washed with sulphuretted hydrogen water, and the filtrate 
again saturated with sulphuretted hydrogen, and gently warmed for 
twenty-four hours. By this treatment a further small quantity of 
arsenic sulphide may separate, which is filtered off, dissolved off the 
filter paper by a saturated solution of ammonium carbonate and 
again reprecipitated by adding excess of hydrochloric acid, and 
warming. In the filtrate from the sulphuretted hydrogen precipitates, 
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the iron is precipitated by saturating with ammonia, adding ammonium 
sulphide, and warming. The iron sulphide is filtered off, dissolved in 
hydrochloric acid, the solution evaporated, oxidised with bromine water, 
and then precipitated as hydroxide by ammonia, and either weighed 
as ferric oxide or titrated. y 

The sulphides are digested for several hours with yellow sodium 
sulphide solution. A trace of bismuth may be dissolved. It will be 
found with the arsenic and other sulphides, and is removed together 
with traces of copper, by treating* the ammoniacal solution (to which 
some tartaric acid is added) carefully with sulphuretted hydrogen water 
according to Finkener’s method. The solution containing the anti- 
mony, arsenic, and possibly tin, is filtered, the sulphides reprecipitated 
in the filtrate by acidifying with dilute sulphuric acid, and warming 
for a good time on a boiling water-bath. They are then filtered off, 
washed with hot water to which some ammonium acetate and acetic 
acid is added, finally once with pure water, then with absolute alcohol. 
In order to remove as much as possible of the sulphur from the pre- 
cipitate, the filter tube is corked up, carbon bisulphide poured on to the 
paper, and allowed to stand for several hours. After running off the 
carbon bisulphide, and after the residue left on the paper has evaporated, 
the sulphides are dissolved off the filter paper in warm dilute hydro- 
chloric acid to which some potassium chlorate is added. To the 
solution strong hydrochloric acid is added, and the arsenic precipitated 
as sulphide by saturating with sulphuretted hydrogen for a long time. 
The sulphide is filtered off on to an asbestos filter, and dissolved in hydro- 
chloric acid and potassium chlorate; to this solution the solution of the 
small amount of arsenic previously precipitated (see above) is added, 
and then concentrated by evaporation. The concentrated solution thus 
obtained is saturated" with ammonia, magnesia mixture and alcohol 
added, and the ammonium magnesium arsenate so obtained ignited, 
and finally weighed as magnesium pyroarsenate (cf. Arsenic, p. 272). 

To the strongly acid filtrate from the arsenic sulphide some tartaric 
acid is added, the solution much diluted, antimony and tin precipitated 
as sulphides by passing In sulphuretted hydrogen, and separated and 
determined as described on p, 260. Tin is only very seldom found in 
commercial bismuth. 

The sulphides insoluble in sodium sulphide solution are first washed 
with dilute sulphuretted hydrogen water, then washed into a dish with 
a very little water, a few grams of solid potassium cyanide added, 
gently warmed for half an hour, the solution containing all the copper 
and silver filtered, and the residue washed first with potassium cyanide 
solution and then with dilute sulphuretted hydrogen water. The 
solution containing the copper and silver is acidified with nitric acid, 
warmed until all the separated cuprous cyanide is redissolved, and the 
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silver cyanide filtered off. The filtrate is evaporated with sulphuric acid 
until the hydrocyanic acid is completely driven off, the residue dissolved 
in a little water, and the small amount of copper precipitated by 
sulphuretted hydrogen water. The copper sulphide is filtered off and 
estimated as cupric oxide. After drying, the silver cyanide is placed 
together with the filter paper in a weighed porcelain crucible, strongly 
ignited with good access of air, and the metallic silver weighed. 

The bismuth sulphide, still mixed with some lead sulphide, is 
dissolved in dilute nitric acid, the somewhat diluted filtrate filtered free 
from sulphur, and evaporated first in a porcelain dish, and finally In a 
beaker to a very small volume (about 5 c.c.). To the cold, syrupy 
liquid, fuming hydrochloric acid is added (according to H, Rose’s 
method 1 ) in such quantity that a portion of the clear solution does 
not become immediately turbid on the addition of a few drops of 
water; for 2 g. of bismuth 7 c.c. of pure fuming hydrochloric acid 
suffice. A few drops of dilute sulphuric acid are then added, and the 
solution allowed to stand for some time, with frequent stirring, so 
as to convert the lead ohloride, which separates at first, into sulphafe. 
Thirty c.c. of alcohol (sp. gr. 08) are then added to the contents 
of the beaker, which are well stirred, and the settled lead sulphate, 
filtered off after a few hours. It is washed first with alcohol to which a 
few drops of hydrochloric acid are added, then with water, dried, etc. 
( cf. “ Lead,” p. 222), and finally weighed as lead sulphate. The alcoholic 
bismuth chloride solution is diluted with 500 c.c. of water and the 
bismuth precipitated as oxychloride, which is contaminated with some 
basic sulphate. It is filtered off, dissolved in dilute nitric acid, the 
solution neutralised with ammonia, ammonium carbonate added, boiled, 
the bismuth carbonate filtered off, washed with hot water, and finally 
weighed as oxide (cf. Hampe’s method of estimating bismuth, etc., 
p. 246). 

If it be desired to separate the lead, which, if present, is generally in 
very small quantity, from the bismuth by means of sulphuric acid, a 
large quantity of sulphuric acid must be added to the nitrate solution 
of the two sulphides, and the solution evaporated, etc., otherwise insoluble 
basic bismuth sulphate is readily formed. 

Selenium and Tellurium are found in Bolivian and other kinds of 
foreign bismuth. For their estimation, io to 20 g. of the metal are 
dissolved in a slight excess of nitric acid, the cold solution diluted with 
double the volume of water (no basic nitrate should separate), sulphur 
dioxide passed in for several hours, and after standing for two and a 
half hours, the precipitate containing silver, selenium, and tellurium 
filtered off, and treated further as described for the estimation of 
selenium and tellurium in commercial copper, p. ?02. 

1 Rose-Finkener, Quantitative Analyse , vol. ii., p. 164. 
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Sulphur is determined (in cr#ude bismuth) by dissolving io g. in 
aqua regia, diluting, warming, and adding hot, dilute barium chloride 
solution. After standing for twenty-four hours the cleared solution is 
poured off, the precipitate of barilm sulphate and silver chloride brought 
on to a double filter paper, washed with dilute hydrochloric acid, then 
with water, finally with ammonia, and weighed as barium sulphate. 

The Noble Metals (silver and sometimes a trace of gold) are best 
determined by the cupellation of 50 g. of metal in a correspondingly 
large cupel ( cf Silver). E. A. Sipith 1 has estimated the noble metals 
in different kinds of bismuth, and found, eg., in an assay of Australian 
bismuth, o-on per cent, of gold and 0-3319 per cent, of silver. 

The Electrolytic Determination of Bismuth. 

According to O. Brunch’s 2 modification of K. Wimmenauer’s method, 
the electrolytic determination of bismuth is carried out as follows : — 
A nitrate solution, free from chloride, is prepared containing not more 
than 2 per cent, of acid. A maximum E.M.F. of 2 volts is used. 
With solutions containing more than 1 per.cent. of metal, a current 
density of 0-5 ampere per 100 sq. cm. and over may be employed ; 
with weaker solutions it is well not to use more than o-i ampere. At 
the commencement of the electrolysis the solution is heated to 70° or 
8o°, and allowed to cool down of itself whilst the electrolysis proceeds. 
The deposition on a Winkler gauze cathode is complete in from two 
to three hours. The deposited metal is of a light reddish grey colour, 
dense and adhesive. The washing must be done without breaking the 
circuit, otherwise appreciable quantities of bismuth are redissolved. 
The results are very accurate. 

The rapid precipitation of bismuth with the use of a rotating anode 
and mercury cathocf&'is described by E. F. Smith. 3 


III. — Analysis of Bismuth Alloys 4 

Only the fusible alloys need be considered, the composition of which 
is given below. The analysis of Wood’s metal (bismuth, lead, tin, and 
cadmium) will serv§ as an example. 

One gram of the metal, as finely divided as possible, is completely 
decomposed by warming on the water-bath in a covered porcelain dish 
with 1 5 c.c: of nitric acid, the solution evaporated to dryness, the residue 
taken up by warming with very dilute nitric acid, the tin oxide con- 

1 J. Soc . Chem. Ind ., 1893, 12, 316. 

2 Ber t) igo2, 35, 1871 ; Z. angew. Chem 1902, 15, 735 ; J \ Chem . Soc . Abstr., 1902, 82, 478. 

3 Electro-Analysis , p. 99. 

4 Cf. Fresenius, Quantitative 1 Analysis, 7th edition, vol. ii., p. 420 ; also, Jannasch and Etz, Ber., 
25, 736 (Bromine Method) ; J Chem . Soc. Abstr ., 1892, 62, 385, 540, 754. 
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taminated with lead oxide and bismuth oxide filtered off, washed with 
boiling water, ignited, and weighed. In order to estimate the impurities, 
the weighed, impure tin oxide is fused with six times its weight of 
sodium carbonate and sulphur (or dehydrated sodium thiosulphate), 
the melt lixiviated with hot water, and^he sulphides of lead and bismuth 
estimated in the residue by H. Rose’s method, as described on p. 252. 
The lead is estimated as sulphate and the bismuth as oxide, and the 
weight of the two oxides subtracted from the weight of the impure 
tin oxide. 

The filtrate from the stannic oxide is evaporated to dryness, and 
the nitrates of bismuth, lead, and cadmium converted into the chlorides 
by twice evaporating on the water-bath with about 20 c.c. of hydrochloric 
acid. The lead is separated as chloride by H. Rose’s method (p. 244), 
and collected on a weighed filter paper. The alcoholic solution of 
bismuth and cadmium chlorides is very largely diluted and th£ pre- 
cipitate of pure bismuth oxychloride formed, filtered off on to a weighed 
paper, and weighed after drying for several hours at ioo°. The 
cadmium chloride solution (filtrate from bismuth oxychloride) is evapor- 
ated in a dish with a slight excess of sulphuric acid to quite a small 
volume, the solution removed to a weighed porcelain or platinum 
crucible, again evaporated, the slight excess of sulphuric acid driven off, 
the residue ignited moderately strongly, and finally weighed as cadmium 
sulphate. The cadmium may also be precipitated in the filtrate from 
the bismuth oxychloride by sulphuretted hydrogen, the cadmium sulphide 
dissolved in hot dilute nitric acid, and the solution evaporated with a 
slight excess of sulphuric acid, etc., as above. PbCl 2 x 07449 = Pk; 
CdS 0 4 x 0*5392 = Cd. 

The best known fusible alloys are: 1 — 



Composition. 

Melting-point. 

Bi. 

Pb. 

Sn. 

Cd. 

°C. 

Newton’s 

2 

5 

3 


94*5 

Rose’s .... 

2 

1 

1 


93*75 

Lichtenberg’s * . 

5 

3 

2 

#*•* 

91*6 

Wood’s * 

4 

2 

1 

1 

71*0 

Lipowitz’s . 

15 

8 

4 

3 

60*0 


TIN 

The following ores and products occur for examination : — Cassiterite 
(tin-stone), tin pyrites, the commercial metal, tin alloys, tinplate waste, 
tin ashes and residues, and tin slags. 

1 From Handbook of Metallurgy, Schnabel and Louis, 1908, 2nd edition, vol. ii., p. 448. 
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The tin content in pure ores is sometimes determined by the dry 
methods; all other materials are submitted to analysis. The noble 
metals in tin-stone are determined by scorifying with a large quantity 
ot assay lead (thirty times the height), and cupelling the work lead 
obtained after the concentration by pot assay (cf. pp. 99 and 128). 

Tin Ore.— Tin-stone, Sn0 2 , which contains 78-7 per cent, of tin, is the 
0n y or ® importance; it is accompanied by gangue, frequently by 
wolframite, arsenical pyrites, molybdenite and pyrites, and less frequently 
y galena and zinc blende. In th§ secondary formation, as stream-tin, 

1 , requently occurs along with other specifically heavy minerals, 
sue as wolframite, titaniferous iron ore, columbite, spinelle, granite, 
etc., and also frequently contains some gold. 

Tm Pyrites , Cu 2 FeSnS 4 , which contains 24 to 31 per cent, of tin and 
24 to 30 per cent, of copper, is only seldom found (Cornwall, Peru), and 
then not in large quantities. 


. I.— Assay of Tin-Stone 1 

Well -prepared, rich ores may be reduced to metal with good results ; 
poor ores are first freed from the greater part of the gangue by washing’ 
w ich is easily carried out owing to the high specific gravity of cassiterite 
(6-8). To obtain as pure a metal as possible out of the assay, the 
metallic impurities (iron, tungsten, etc.) are separated beforehand as far 
as possible. .In many cases this “ washing ” assay is the only one required, 
the result being returned as “ black-tin.” 

The fusion of the ore with reducing and fluxing agents is carried 
out in fire-clay crucibles in a wind furnace. According to the very 
exhaustive investigations of H. O. Hofman, Mitchell’s potassium 
cyanide assay 2 givesT.the best results, although a carbon reduction 
method is largely used in Cornwall. 

Purification of the Sample of Ore . — Ten grams of the finely ground 
average sample are spread on a roasting dish and heated in a 
muffle,, and . the. calcined material brought into a porcelain dish or 
basin, in which it is boiled with 30 c.c. of aqua regia. By this means 
most of the iron is dissolved and the wolframite decomposed. After 
ten minutes the acid solution is carefully poured off, and the residue 
boiled with . 30 c.c. of hydrochloric acid ; if only a little further 
quantity of iron is dissolved, the acid is allowed to remain, otherwise 
it is boiled up with a fresh quantity of acid, after decanting. After 


tt r Cf K n ed ' Proherluch ' 2nd edition; also, “The Dry Assaying of Tin Ores,” by H O 
Hofman,. Berg u. Hutten Zeit. , 1890, 49 , 342, 35°, 357 i J- Soc. Chem. Ind. , 1890, 9 , 899, 1154 ; 
H. Rennie and W. Derrick, J. Soc. Chem. Ind., 1892, n, 662 ; J. Gray,/. Chem. Met. and Min. 
doc. ofS. Africa, , 1910, 10 , 312. 

2 Manual of Assaying , 1881, p. 481. 
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washing twice with water by decantation, the tungstic acid; which is 
nearly always present, is dissolved in slightly warmed ammonia, and 
the purified ore dried after again washing with water. 

The • Assay by Fusion with Potassium Cyanide. — About 5 g- of 

potassium cyanide (98 per cent) brqken up into coarse lumps is placed 

in the bottom of a clay crucible 12 to 15 cm. high, the ore, intimately 
mixed with 20 g. of potassium cyanide, then introduced, a covering of 
5 g. of potassium cyanide added on the top, and the crucible placed in 
a moderately hot fire. The fire isjkept as hot as possible during the 
short duration of the assay (fifteen to twenty-five minutes) without 
allowing the potassium cyanide to boil. The crucible is then removed 
from the fire, its contents poured into a warmed mould (Fig. 40, 

p. 104), the slag washed away by water, and the button of metal 

weighed. Any other small beads of tin found are added. 

With a prepared tin-stone from Dakota, which on analysis gave 
67-84 per cent, of tin, Hofman obtained a result only 0-35 per cent, 
low, as a mean of three assays by means of potassium cyanide, which 
agreed completely between themselves. The German method of eon- 
ducting the potassium cyanide assay, consisting in a previous ignition of 
the ore mixed with charcoal, etc., gave very unsatisfactory results, up to 
3-73 per cent. low. 

The button obtained is naturally not absolutely pure ; it always 
contains small quantities of iron, etc. Any gold in the ore goes com- 
pletely into the button of tin, as was shown by Pufahl 1 in a tin-stone 
(stream-tin) from Victoria, rich in gold ; by dissolving the flattened 
or rolled tin in hydrochloric acid the gold remains undissolved as a 
brown powder. 

Other Methods. — A very good method for practically all tin ores 
consists in reducing the purified ore, by strongly'dgniting in a porcelain 
tube, in a current of hydrogen or coal gas, dissolving the reduced metal 
in hydrochloric acid, and determining the tin gravimetrically or volu- 
metrically. 2 3 

Fohr 8 roasts the ore, boils it with hydrochloric acid, filters, boils the 
residue again with hydrofluoric acid, ignites it finally with ammonium 
fluoride, and so obtains pure black tin, which is calculated to tin. 

Analytical methods for tin-stone and tin pyrites are described by 
Fresenius. 4 * Tin-stone may be assayed by fusion with sodium car- 
bonate and sulphur (H. Rose’s method) ; tin pyrites is dissolved in aqua 
regia, etc. 

1 Berg. u, HUtten. Zeit., 1886, 45, 174. Cf. Bannister, Tram, Inst. Min. and Met., 1905-6, 

p. 513. 

3 Cf- Text Book 0/ Assaying, C. and J. J. Beringer, I2ih edition, 1910, p. 285. 

3 Chem. TechnoL Zeit., 1887, p. 452. f 

Quantitative Analysis, 7th edition, vol. ii., pp. 427-428. 



TIN : COMMERCIAL TIN, ALLOYS, ETC. 257 

The Tearce-Low* method, which is largely used for tin ores and slags 

wThr f T S ^ ^7 g/°und material with about ten times its 
weight of sodium hydroxide 2 in an iron crucible, pouring the molten 
mass into a clean nickel crucible, Horn which it is quite easily detached 
taking up with water, acidifying/, with hydrochloric acid, reducing bv 
means of iron or nickel, and titrating in the cold with iodine (cf. p. 2 68 ) 

J. Darroch and C. Meiklejohn 3 use the following method for all tin 
ores, slags, etc. Half a gram of material is fused in a nickel crucible 
with 3 to 10 g. of sodium peroxide.. The fused mass is taken up with 
boiling water, acidified with hydrochloric acid, and the tin precipitated 
on zinc. The tin and excess of zinc are dissolved in hydrochloric acid 
the solution boiled and titrated with ferric chloride solution If 
interfering elements are present, the acidified solution is boiled with 
iron and the precipitate filtered off previous to the separation of the 
tin by means of zinc. 

A method specially suitable for ores containing tungsten and 
recommended by Donath and Milliner 4 for the separation of tin oxide 
irOm tungstic acid, consists in mixing the material with zinc dust or 
zinc filings and strongly igniting in a covered porcelain crucible for 
fifteen minutes. The product is treated with dilute hydrochloric acid 
and boiled until evolution of hydrogen ceases, and then treated with 
potassium chlorate until the blue tungstic oxide is oxidised to tungstic 
acid. Water is added to the solution, which is filtered after twenty-four 
hours ; the solution contains the tin. 


II.— Analysis of Commercial Tin, Alloys, etc. 

1. Analysis of Tin. 

Estimation of Arsenic.— Ten grams of the metal, in small pieces are 
dissolved in 50 c.c. of ordinary hydrochloric acid with the addition of 
a little potassium chlorate, the solution cooled, one-third of its volume 
of fuming hydrochloric acid added, and sulphuretted hydrogen passed 
m for a long time. The arsenic sulphide is filtered off on to an asbestos 
filter, and washed firsf with hydrochloric acid, then with boiled water. 
It. is dissolved in ammonia, the solution evaporated in a porcelain dish' 
the residue dissolved in strong nitric acid, and the arsenic precipitated 
in a beaker by magnesia mixture, ammonia, and alcohol as ammonium- 
magnesium arsenate. This is weighed either as pyroarsenate or con- 
verted into silver arsenate ( cf. Arsenic, pp. 272 et seq . ). 

\ L . ov ^ Technical Methods of Ore Analysis, 1908, 3rd edition, pp. 208-213. 

■ ' • ** * Xo:Z - s - Si " p '"' 

Cfa *- ** M "- » ! *> 54 , 531 . Cf. »Uo T. Moo,., Cfa* 

il 
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Estimation of Lead , Copper , mid Iron. — Ten grams of the nfietal are 
dissolved in the smallest possible quantity of hydrochloric acid with 
the addition of potassium chlorate; when solution is complete, the 
liquid should be of a distinctly yclltow colour. Thirty grams of tar- 
taric acid (specially tested for lead^ are then added as ammonium 
tartrate, the solution cooled, saturated with ammonia, sulphuretted 
hydrogen water added, drop by drop, till no more precipitate is formed, 
and after gently warming on the water-bath, the sulphides of copper, 
lead, and iron filtered off. The sulphides, after washing with very 
dilute sulphuretted hydrogen water, slightly acidified with sulphuric 
acid, are dissolved in hot nitric acid, the solution transferred to a 
porcelain dish, the filter ash added, evaporated on the water-bath with 
a slight excess of sulphuric acid, the residue heated on a sand-bath till 
fumes of sulphuric acid commence to be evolved, allowed to cool, the 
residue taken up with a little water, and the lead sulphate, which usually 
contains a trace of tin, filtered off. After weighing the impure lead 
sulphate, it is extracted by warming with a solution of ammonium 
acetate, the lead again precipitated by sulphuretted hydrogen and 
converted into pure lead sulphate. In the acid filtrate from the impure 
lead sulphate, the copper is precipitated by sulphuretted hydrogen, and 
in the filtrate from the copper the iron is finally precipitated by oxidation 
with bromine water, and warming with excess of ammonia. 

Commercial tin fairly frequently contains antimony, and is then 
analysed like white-metal (No. 3). 

2. Tin in Tinplate Residues 

is determined by the methods either of Lunge and Marmier or Mastbaum, 
described under “ Iron” (pp. 79-80). 

3. Tin Alloys. 

White-metals (antifriction metals), britannia metal, and similar 
alloys of tin with antimony, lead, copper, iron, sometimes also containing 
mercury and zinc. 

(a) White-metals containing a high percentage of Tin . — The best 
white-metals, containing a high percentage of *110, are conveniently 
decomposed by treatment with chlorine. Finkener weighs out about 
1 g. of the alloy into a porcelain boat, which is then placed in a 
combustion tube about 70 cm. long, which is bent at right angles at one 
end, and drawn out for 20 cm. from the bend. The end of the drawn- 
out tube dips deeply into a three-bulb (J-tube containing dilute 
hydrochloric acid (1 : 3) and some tartaric acid, which is joined up with 
a similar IJ-tube containing dilute sodium hydroxide (1 : 1). The end 
of the tube and receiver are connected by means of a bored cork (not 
rubber), and the tube itself is somewhat finely drawn out at the end, 
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so that* the condensed volatile chlorides may drop into the receiv 
The chlorine is generated from the best pyrolusite in small lumps ai 
strong hydrochloric acid in a 2 litre flask, which is gently warmed or 
water-bath. The chlorine is was'ied first with water and th£n dried 1 
passing through one or two ,.vvash-bottles containing concentrat 
sulphuric acid. The chlorine is not allowed to enter the combust! 
tube and react with the alloy in the boat until all the air has be< 
driven out of the generator and wash-bottles. When no further react! 
is noticeable at the ordinary temperature, the centre of the tube, t] 
part containing the boat, is gently warmed by means of a Buns< 
burner. Finally, the heat is increased till the contents of the boat me 
and then, by progressive heating of the tube in the direction of tl 
receiver, the easily volatile chlorides of tin, bismuth, mercury, ar 
arsenic are driven over into the receiver. The excess of chlorine 
absorbed in the second receiver. When the action of the chlorine 
ended, it is driven from the tube and receivers by a current of dry a 
or carbon dioxide; the apparatus is then disconnected. The bo; 
containing the chlorides of copper, lead, and jron is allowed to slic 
into a dish or wide test tube, the combustion tube washed several tim« 
with hot water, and the chlorides dissolved in the washings from the tul 
by warming with addition of hydrochloric acid. The solution is evapo 
ated with sulphuric acid, etc., and the lead estimated as sulphate ; tl 
copper is precipitated in the filtrate by sulphuretted hydrogen, and the ire 
in the filtrate from the copper sulphide by ammonia after oxidation wil 
bromine water. The contents of the receiver are washed into a lar£ 
beaker, and sulphuretted hydrogen passed into the warmed solution f< 
a long time (the arsenic is only very slowly precipitated). The pr 
cipitate is filtered off and washed with dilute sulphuretted hydrogc 
water containing some ammonium acetate and acetic acid. Any bismul 
and mercury present will be recognised by the dark colour of tl 
precipitate. If present, the precipitate is washed off the filter pape 
digested with ammonium sulphide, filtered through the same pape 
washed with hot water containing ammonium sulphide, and the pui 
sulphides of tin, antimony, and arsenic (with sulphur) reprecipitated t 
acidifying with sulpl?uric acid and warming on a boiling water-bat 
The separation of the tin, antimony, and arsenic is carried out as follows 
The sulphides are treated with fuming hydrochloric acid and a sms 
quantity of potassium chlorate, gently warmed, so that the separate 
sulphur does not melt until it is quite white, the solution filtere 
through an asbestos filter, which is washed with strong hydrochlor 
acid, and in the cooled, strong hydrochloric acid solution the arsenic 
precipitated as sulphide by passing sulphuretted hydrogen (for or 
hour). The precipitated sulphide is filtered off on to an asbestos filte 
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dissolved in ammonia, the solution 'evaporated, the residue oxidised 
with nitric acid or chlorine water, evaporated, and the arsenic finally 
weighed as magnesium pyroarsenate. Mg. 2 As 2 0 7 , or as silver arsenate, 
Ag.jAsO.j. " Generally, only very small Quantities of arsenic are estimated 
as silver arsenate (cf. p. 273). The sulphuretted hydrogen in the strongly 
acid filtrate from the arsenic sulphide is decomposed by a few crystals 
of potassium chlorate, the solution brought into a porcelain dish, diluted 
with a little water, and the antimony precipitated by digesting on the 
water-bath with pure iron. * 

Absolutely pure iron for this purpose is prepared as follows : — A 
dilute solution of ferrous chloride is precipitated with oxalic acid, the 
yellow oxalate completely washed by decantation with water, dried, 
converted into ferric oxide by ignition in a muffle, and this reduced by 
igniting in a current of pure hydrogen in a porcelain tube. The spongy, 
grey iron so obtained is specially suited to the separation of antimony 
from tin by Tookey’s method. I11 case perfectly pure iron is unobtain- 
able, iron or steel turnings free from copper, or piano wire may be used. 

At the end of half f-.n hour the precipitation of the antimony, as’ a 
black powder, is complete ; the solution is further warmed until only a 
little iron is left undissolved, the antimony filtered off on to a paper on 
which a few centigrams of iron are placed, and washed with boiled 
water strongly acidified with hydrochloric acid. The filtrate is nearly 
neutralised with ammonia, diluted, the tin precipitated by passing in 
sulphuretted hydrogen, as dark brown stannous sulphide, which is filtered 
off, washed with dilute sulphuretted hydrogen water in which a few 
grams of ammonium sulphate are dissolved, dried, and converted 
into stannic oxide by ignition in a porcelain crucible. After igniting 
for some time, a piece of ammonium carbonate abput the size of a pea 
is added to the contents of the crucible, the lfd replaced, and again 
strongly ignited so as to obtain the stannic oxide free from sulphuric 
acid. 

The antimony is dissolved in hydrochloric acid and a little potassium 
chlorate, the solution, to which some tartaric acid is added, strongly 
diluted, sulphuretted hydrogen passed in, and the antimony sulphide 
obtained weighed as oxide, Sb 2 0 4 . 

For the separation of the sulphides insoluble in ammonium sulphide 
(mercury and bismuth sulphides), hot, dilute nitric acid is poured over 
the filter paper, and the bismuth precipitated as carbonate by neutralis- 
ing the solution with ammonia, adding ammonium carbonate, and warm- 
ing. The carbonate is finally weighed as bismuth oxide ( cf. Bismuth, 
p. 243). Any mercury sulphide remaining undissolved is dissolved 
in aqua regia, and precipitated as mercurous chloride by phosphorous 
acid (PC1 S and water). It is filtered off on to^a weighed filter paper, 
dried, and weighed as mercurous chloride. Hg 2 Cl 2 x 0-8493 = Hg 2 . 



TIN : TIN ALLOYS 


261 


The mercury may be more accurately determined by heating 5 g. of 
the alloy in a porcelain boat placed in a porcelain tube in a current of 
hydrogen, and estimating the loss on ignition. Mercury, however, is 
but seldom found in white-metalsj and is also a useless addition/’ 

Alloys containing much Lead , recognisable by the colour of the 
fracture or of the turnings, and by the high specific gravity, are not 
suited to the treatment with chlorine, as they are very inclined to spit on 
warming in the current of chlorine. Such alloys are best analysed by the 
method described below under (b)» A high content of lead in the alloy 
is recognised by the voluminous separation of lead chloride on dissolving 
a few decigrams in aqua regia, cooling, and adding absolute alcohol. 

Alloys containing Zinc . — The method described under (e) } p. 263, is 
to be recommended. 

(b) Metal for Bearings, Type-metal \ Stereotype-metal , etc. — One gram 
of the finely divided metal is dissolved, without heating, in 15 c.c. of 
fuming hydrochloric acid with the addition of strong nitric acid (sp. gr. 
1*4), drop by drop. Alloys containing 80 per cent, and over of lead in 
the form of very fine turnings are treated \yth aqua regia (prepared 
from dilute acids, 30 c.c. for 1 g. of metal) and gently warmed for a 
long time on the water-bath. Nitric acid is then added until the 
solution becomes distinctly yellow, if copper is present until the colour 
is yellowish green ; aqua regia, previously warmed until chlorine com- 
mences to be evolved, is also very suitable for the dissolving of the alloy. 
To the solution so obtained, ten times its volume of absolute alcohol 
is added in small quantities at a time, thereby precipitating lead 
chloride in large, easily filtered crystals ; only about 1 mg. of lead 
remains in solution as chloride. The lead chloride is then washed 
carefully with alcohol, and as little as possible brought on to the filter 
paper. After dryingAfche lead chloride is shaken into a large weighed 
crucible, any adhering to the glass washed with hot water into the 
crucible, the filter paper washed with hot water, the combined solutions 
evaporated on the water-bath, the residue dried in the air-bath at 150° 
for three hours, and the lead chloride weighed. PbCl 2 X 0-7449 = Pb. 

The alcohol in the filtrate from the lead chloride js driven off by 
evaporation, 1 g. of tartaric acid as ammonium tartrate added, the 
solution made distinctly ammoniacal, sulphuretted hydrogen water 
added in small quantities until no further precipitate is formed, and 
warmed on the water-bath, which causes the precipitate (consisting of 
sulphides of copper, bismuth and mercury, and traces of sulphides of 
lead and iron) to coalesce. By this method (Finkener’s) copper, 
bismuth, etc., are removed from the solution ; their separation and 
estimation are carried out as described above under (a). 

After acidifying the filtrate with hydrochloric acid, tin and antimony 
are precipitated as sulphides by sulphuretted hydrogen. 
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The mixture of tin and antimony sulphides is dissolved in hydro- 
chloric acid and potassium chlorate, the separation carried out by means 
of iron (as ^iven under (a)), the antimony containing iron dissolved, repre- 
cipitated by sulphuretted hydrogen, thfc antimony sulphide, which always 
contains some chlorine, dissolved in ammonium sulphide, reprecipitated 
by warming with dilute sulphuric acid or acetic acid, washed off the 
filter paper into a dish, and evaporated to dryness on the water-bath. 
The antimony sulphide adhering to the filter paper is dissolved off in 
ammonium sulphide, the solution allowed to run into the dish, again 
evaporated, the dish removed from the water-bath, covered with a 
clock-glass, and fuming nitric acid run on to the residue from a 
pipette. The antimony sulphide is immediately oxidised without 
separation of sulphur, and after warming for a short time the contents 
of the dish are washed with a little water into a weighed porcelain 
crucible, evaporated, the sulphuric acid driven off on a sand-bath, the 
residue strongly ignited and weighed as oxide. Sb 2 0 4 X 0*7898 = Sb. 

In the filtrate from the metallic antimony the tin is precipitated 
as described under (<?), and finally weighed as stannic oxide. 
SnO^x 07881 =Sn. 

In these alloys, arsenic (from the commercial antimony) is generally 
only found in traces. If it is to be estimated, a separate weighing 
of several grams is dissolved in hydrochloric acid and potassium 
chlorate, any separated lead chloride filtered off, strong hydrochloric 
acid added, sulphuretted hydrogen passed in, and the copper sulphide, 
together with arsenic sulphide as impurity, filtered off through an asbestos 
filter. After washing with hot water, the small amount of arsenic 
sulphide is dissolved out with hot ammonia, the solution evaporated 
in a porcelain dish, oxidised with strong nitric pcid, and the arsenic 
precipitated as ammonium magnesium arsenate^ The trace of copper 
which is dissolved remains unprecipitated in the ammoniacal solution. 

(f) Alloys containing less than 15 per cent . of Lead and Copper . — 
If it be desired to avoid the treatment with chlorine, x g. of the alloy 
rich in tin is dissolved in hydrochloric acid and potassium chlorate, 
13 g. of tartaFic acid as ammonium tartrate added, the diluted 
solution saturated with ammonia, and the copper and lead then 
precipitated by careful addition of sulphuretted hydrogen water ; 
the further treatment of the precipitate is carried out as described 
under Tin (p. 258). In this case iron and also perhaps zinc are 
found in the precipitate. Tin and antimony are precipitated in the 
filtrate by acidifying with hydrochloric acid and passing sulphuretted 
hydrogen, and are separated by means of Iron, etc., as given above. 

id) Alloys free from Lead (H. Nissenson and F. Crotogino 1 ). — 
Half a gram of the alloy, as finely divided as .possible, is placed in an 
1 Cksm . Zeii. y 1902, 26, 984 ; J Soc . Chem . fnd., 1902, 21, 1350. 
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Erlenmeyer flask of 200 to 300 c.c. capacity, about 7 c.c. of concentrated 
sulphuric acid poured on and heated, till the evolution of gas ceases 
and the alloy is dissolved, which takes but a few minutes. The solution 
is cooled and carefully diluted with hot water, and the yellow precipitate, 
which forms immediately, allowed to settle whilst hot. This contains 
both tin and antimony, the latter as an antimonious salt. On oxidation, 
preferably by means of ammonium persulphate, the precipitate is 
rendered more easy of filtration, but even without this it is still easier 
to deal with than when oxidised by means of nitric acid. After 
washing, which may be neglected if other metals are not present, the 
paper and precipitate are ignited and the mixture of tin and antimony 
oxides weighed after strong ignition. The filtrate is tested for iron, 
cadmium, zinc, etc. 

A second weighing of 0-5 g. is dissolved in sulphuric acid, cooled, 
a little hot water added, then 15 c.c. of dilute hydrochloric acid, and 
the antimony precipitated with iron wire; the precipitation is complete 
in a very short time. The separated antimony and copper is dis- 
solved in hydrochloric acid and a few drops of nitric acid, precipitated 
with sulphuretted hydrogen, and the antimony sulphide dissolved in 
sodium sulphide and the solution electrolysed. The sulphides remain- 
ing undissolved may then be dissolved in nitric acid and tested for 
copper, bismuth, etc. 

(e) Alloys containing Lead (H. Nissenson and F. Crotogino x ). — If only 
tin and lead are to be determined, the alloy is treated with concentrated 
sulphuric acid by warming on the sand-bath or over a free flame, which 
acts the more easily the higher the content of tin and antimony and 
the smaller the amount of copper present, the contents of the flask 
cooled, treated with some hot water and a considerable quantity of 
ammonium oxalate, allowed to cool slowly, and the precipitate of lead 
sulphate filtered off. The tin is estimated in the filtrate by electrolysing 
the hot solution diluted to 180 c.c. 

if) Determination of Lead . — One gram of the fine turnings is gently 
warmed in a beaker with 15 c.c. of fuming hydrochloric acid, and 
a drop of strong nitric acid added from time to time. When the 
metal has dissolved, the solution is allowed to cool, the lead precipitated 
as chloride by adding three times the volume of absolute alcohol and 
stirring, filtered, after standing for twenty-four hours, and the lead 
chloride estimated as described on p. 244. In the filtrate from the lead 
chloride a small quantity of lead sulphate separates on the addition of 
sulphuric acid ; this may be either neglected or estimated. 

Ingots, as well as sheets of white-metal, are not homogeneous. In 
taking the sample {cf. p. 93), several ingots or sheets are drilled right 
through with a small drill, and the sample for analysis taken from the 

1 Loc, cit A 
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well-mixed drillings, or the block *or ingot is sawn diagonally, the 
small pieces of metal mixed, and the sample taken as described on p. 93. 

4. Hard-Head. 

This contains iron and arsenic, and may also contain antimony, 
tungsten, lead, aluminium, copper, sulphur, etc. In order to make an 
approximate determination of the tin, 1 g. of the very finely divided 
metal is dissolved in hydrochloric acid and potassium chlorate, the 
somewhat diluted solution saturated* with ammonia, a large quantity of 
ammonium sulphide added, digested for a long time, filtered (tin, 
antimony, arsenic, together with molybdenum and tungsten), precipi- 
tated, separated as above, and the impure stannic oxide, containing 
some tungstic and molybdic acids finally weighed. R. Fresenius and 
E. Hintz 1 have described a more accurate method for the analysis of 
hard-head. 

5. Phosphor-Tin. 

This comes into commerce in dark grey blocks which show* a 
crystalline fracture, and contain up to 10 per cent, of phosphorus, 
usually 4 per cent. ; it is used in the manufacture of phosphor-bronze. 

For the analysis, 0*5 g. of fine borings are covered in a large beaker 
with 15 c.c. of fuming hydrochloric acid in which a large quantity of 
potassium chlorate has been dissolved by shaking in the cold. The 
contents of the beaker are swirled round, some more solid potassium 
chlorate added, gently warmed, diluted to 200 c.c., all the tin precipi- 
tated as sulphide by passing in sulphuretted hydrogen for a long time, 
the beaker placed on a boiling water-bath for half an hour, the tin 
sulphide filtered off and washed with very dilute sulphuretted hydrogen 
water, to which ammonium acetate and acetic acid^re added. The dried 
sulphide is removed as completely as possible from the paper, the paper 
ignited in a weighed porcelain crucible, the sulphide added, heated with 
a small flame, then more strongly, and finally ignited, after the addition 
of a small piece of ammonium carbonate. The stannic oxide so 
obtained is weighed. The filtrate is evaporated down to about 30 ex., 
and after the addition of magnesia mixture, saturated with ammonia. 
After six hours the ammonium magnesium phosphate is filtered off, 
washed with dilute ammonia (1:2), dried and removed from the filter 
paper ; the portion that remains adhering to the paper is dissolved off 
in warm, dilute nitric add, the solution evaporated in a weighed porcelain 
crucible, the dry ammonium magnesium phosphate added, very slowly 
heated over a Bunsen burner, and finally ignited over the blowpipe, 
the lid being placed on for the final strong ignition. The magnesium 
pyrophosphate so obtained is weighed. MggPgO^ x 0*2785 = P. 

1 Z. ami. Chem. y 1885, 24, 412 j J. Chem . Soc. Ab$tr. y 1 886, 50, 180. 
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For the determination of the* phosphorus, Hempel 1 heats a few 
decigrams of the sample in a current of chlorine, absorbs the chlorides 
in a small receiver containing io c.c. of nitric acid (sp. gr. 1-4), washes 
the receiver out with a mixture of one volume of strong nitric acid and 
two volumes of water, and precipitates the phosphoric acid with 
ammonium nitromolybdate solution as described under phosphor- 
copper (p. 205). 

6. Tin Waste and Ashes. 

The ashes and waste produced by tinning iron (in the manufacture 
of tinplate), copper, brass, and bronze by dipping in the molten metal, 
which contain a quantity of tin (as stannous and stannic compounds 
and metal), as well as iron and copper oxides mixed with coke and 
sal-ammoniac, are included under this heading. 

L. Rurup 2 recommends Kerfs method 3 for the analysis. An 
average sample of 500 g. weight is mixed intimately with 100 g. of 
tartaric acid, 400 g. of sodium carbonate, and 60 g. of chalk in a corre- 
spondingly large Hessian crucible, a covering of sodium carbonate and 
100 g. of borax added, the crucible placed in«a coke fire in a wind- 
furnace with a good draught, and the covering brought to a limpid 
fluid condition in half an hour or longer. The crucible is then 
removed from the fire, and cooled by means of an air blast from 
a water-pump for twenty minutes, or until it has sufficiently cooled 
down so that it can be completely cooled by placing in water. The 
crucible is then broken and the metallic button cleared from slag and 
weighed. The button is then drilled in several places, 1 g. of the 
drillings weighed off, decomposed with nitric acid (cf. Analysis of 
Bronze, p. 208), the stannic acid separated, the filtrate evaporated with 
sulphuric acid, and the copper separated electrolytically. The dried 
stannic acid is ignited %nd weighed. (In the description of the method 
as given by Rurup, the stannic acid contains a large quantity of iron, 
which is disregarded in the above case.) 

W. Witter takes proportional quantities of the coarsely and finely 
ground sieved tin ashes and waste, weighs off an average sample of 
25 g., mixes with 5 ^per cent, of powdered charcoal -and potassium 
cyanide (from 50 to 100 g.), and fuses the mixture in a crucible in a 
wind-furnace. Drillings of the weighed button are taken and the 
content of tin determined either by gravimetric or volumetric methods. 

7. Tin Dross. 

This consists of very impure tin resulting from the prolonged use 
of tin for tinning copper, etc., by immersion in the molten metal, and 

1 Ber., 1889, 22, 2478 ; J Chem. Soc . Alstr 1890, 58, 83. 

2 Chem. Zeit ., 1896, 20, 406 ; J. Chem. Soc. Ahstr 1897, 72, 234. 

3 Metallurgische ProUerkunsi 2nd ed., p. 482. 
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contains copper, zinc, iron, etc. On renewal of the bath this alloy is 
ladled off and run into ingots. 

For the analysis, several ingots are drilled through, and I g. weighed 
off and analysed in the same way as bronze ; a somewhat high content 
of iron oxide in the ignited stannic acid is recognised by a brown 
coloration. 

8. Tin Slags. 

W. Witter fuses i g. of the very finely ground slag with 5 g. of 
sodium hydroxide in a nickel crucible, dissolves the melt in water, 
acidifies the solution with hydrochloric acid, precipitates the tin by 
sulphuretted hydrogen, filters off the sulphide, washes it, dissolves it in 
ammonium sulphide, filters, etc., and finally weighs the stannic acid 
obtained. If the slag contains antimony, the separation from tin is 
carried out by means of iron according to Tookey-Clark’s method 
(p. 2C0). After dissolving the melt in water and acidifying with 
hydrochloric add, the solution may be reduced with iron or nickel, and 
titrated with iodine (cf Pearce-Low and Darroch and Meiklejohn’s 
methods, p. 257). 

VOLUMETRIC METHODS OF ESTIMATION 1 

Volumetric methods for the estimation of tin are coming largely 
into use, owing to the fact that they can be carried out much more 
rapidly than the gravimetric methods, and at the same time, with 
careful work, are capable of giving very good results. The following 
are the methods most often used : — 

1. Titration of stannous chloride with ferric chloride solution. 

2. Titration of stannous chloride with iodine in acid solution. 

3. Titration of stannous chloride with iodine*fn alkaline solution. 

4. Solution of metallic tin in ferric chloride and titration with 
potassium permanganate or potassium bichromate. 

I* The Ferric Chloride Method. 

This method is based on the fact that when ferric chloride is 
added to a concentrated, hot hydrochloric acid solution of stannous 
chloride, It is immediately reduced to ferrous chloride, stannic 
chloride being produced at the same time. One drop in excess of 
the ferric chloride serves to indicate the end-point by giving a 
decided yellow colour to the previously colourless solution, the 
colour being more marked the hotter and the more strongly acid the 
solution remains. The presence of chloride of lead, zinc, aluminium, 
ferrous iron, cobalt, nickel, antimony (antimonic), copper (cuprous), 
and cadmium, does not interfere with the prqcess. Large quantities 

1 Cf Parry, Assay of Tin and Antimony , p. 20, 
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of cobalt chloride and nickel chloride give highly coloured solutions 
which render the recognition of the end-point difficult, but this may be 
overcome to some extent by diluting the solution with hot water. 
Bismuth chloride and mercuric chloride are reduced to metal by 
stannous chloride, and must, therefore, be removed by separation with 
iron. Precipitated antimony, copper, arsenic, and the blue oxide of 
tungsten are attacked by the hot acid solution of ferric chloride, and 
must not be present ; titanium must also be absent. 

The standard solution, which must be free from nitric acid and 
arsenic, is made up either from pure iron or by dissolving 150 g. of 
ferric chloride in water, adding 300 to 500 c.c. of hydrochloric acid, and 
diluting to 2 litres. It is standardised by dissolving x g. of pure tin 
in 200 c.c. of concentrated hydrochloric acid in a 250 c.c. flask fitted 
with a rubber cork and bent glass tube leading into water, to prevent 
oxidation. This is boiled until solution is complete and the solution 
titrated at once. 

In the case of alloys containing tin, lead, -zinc, aluminium, iron, 
cobalt, and nickel, which are soluble in hydi^chloric acid, but not 
containing antimony, arsenic, and copper, the determination is carried 
out as follows : — One gram of the finely divided alloy is weighed into a 
250 c.c. flask fitted with a rubber cork and leading tube, 180 c.c. of 
pure hydrochloric acid added, and the flask heated on a sand-bath, 
but not boiled too rapidly, or the acid becomes too dilute before it has 
had time to thoroughly attack the metal ; nor should it come to the 
boil too slowly, as in this case the metal may be completely attacked 
whilst there is still air in the flask, with the formation of stannic 
chloride. When solution is complete, the resulting liquid is titrated 
directly with the ferric chloride solution. 

With alloys containing tin, lead, antimony, and but little copper 
and arsenic, I ^g. of the finely divided alloy is boiled with 50 to 
75 c.c. of hydrochloric acid until action ceases ; solution is completed 
by the cautious addition of a saturated solution of potassium chlorate. 
The excess of chlorine is boiled off and the solution reduced by the 
addition of piano wire. The action in the hot solution is^rapid — arsenic, 
antimony, and copper being precipitated ; one minute after the solution 
turns colourless, a thin strip of copper foil is added. When a freshly 
added strip of copper remains bright for one or two minutes, the 
solution is diluted with 50 to 60 c.c. of hot, boiled water and filtered 
rapidly into another flask, the precipitate being kept as far as possible 
out of contact with the air. The flask and paper are washed once with 


hot dilute hydrochloric acid. Excess of strip zinc is added to the 
solution to precipitate the tin, and when all action has ceased, a little 
of the liquid is poured into a beaker containing sulphuretted hydrogen 
water; a white precipitate indicates that all t^^tj 1 is precipitated 
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The solution is poured off from the precipitated tin as completely as 
possible after any floating particles have been allowed to settle, and 
the remaining metal is dissolved in 180 c.c. of hydrochloric acid in a 
flask as before ; the resulting solution is then titrated. 

This method may be used for the estimation of tin in solutions 
obtained from any material, by first separating the metals precipitated 
by sulphuretted hydrogen in a hydrochloric acid solution, dissolving 
the precipitate in hydrochloric acid with the addition of potassium 
chlorate, and treating the solution as above with iron wire and metallic 
zinc. 

2. The Iodine Method in Acid Solution. 1 

This method is very suitable for the analysis of white-metal alloys, 
the tin being readily estimated by reducing the hot solution of the 
chloride, cooling in an atmosphere of carbon dioxide, and titrating with 
iodine in the presence of starch. The reduction may be conveniently 
effected by means of iron 2 or nickel. 3 If antimony, arsenic, or 
copper be present, they will be precipitated, and will not interfere 
under the conditions -of the assay. A modification of the method 
consists in reducing the stannic chloride with finely divided metallic 
antimony. 4 The reduction of 0*15 g, of tin is complete after one 
minute’s boiling, and the excess of antimony which remains un- 
dissolved acts as a safeguard during the cooling, since it reduces 
any tin which may have become oxidised whilst the solution is 
still hot Cold solutions of stannous chloride oxidise less readily. 
The presence of iron, chromium, nickel, cobalt, zinc, manganese, 
aluminium, bismuth, phosphorus, and sulphur is without effect on 
the results. Copper is reduced to cuprous chloride, and if the iodine 
be added in drops to the vigorously agitated solution, so as to prevent 
the formation of a local excess of iodine, accurate results may be 
obtained. Lead is without effect if sufficient hydrochloric be present 
to prevent the formation of lead iodide. Mercury is reduced to the 
metallic state, but is not oxidised in co]d solutions. If molybdenum or 
tungsten be present, a coloured lower oxide is formed, which inter- 
feres with the <*.nd reaction ; these metals should, therefore, be separated. 
Arsenic interferes seriously if more than one part in two hundred 
parts of tin be present 

The reduction by means of iron (Parry) is carried out as follows : — 
Half to one gram of the finely divided alloy is dissolved in hydro- 
chloric acid with the addition of potassium chlorate to aid the solution ; 
after dilution, the^chlorine is boiled off and a clean piece of iron rod is 

1 S. W. Young,/. Amer . Chem . Soc. r 1897, 19, 809 ; J. Chem. Soc. Abstr 1898, 74, 192. 

2 Parry, Assay of Tin and Antimony , 1904, p. 23. 

3 Beringer, Text Book of Assaying 1910, p. 288. 

4 Ibbotson and Brearly, Chem. News, 1901, 84, 167. 
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placed in the solution, resting against the side of the beaker, which is 
covered with a watch-glass. The whole is heated to 8o° to 90° for 
twenty to thirty minutes after the solution has become colourless. The 
solution is cooled, and when cold the watch-glass and irorf rod are 
washed rapidly with a little cold, boiled water, starch added, and the 
solution titrated rapidly with iodine. It is not necessary to remove the 
precipitate of antimony, arsenic, and copper. The volume of the 
solution should not exceed 50 c.c., the quantity of hydrochloric acid 
being about one-fifth of the total volwme, and the amount of tin present 
not more than 0*5 g. 

The iodine solution recommended is made up by dissolving 21*32 g. 
of iodine and 45 g. of pure potassium iodide in a little water, and 
diluting to 1 litre. 

The following method is adopted when the reduction is effected 
with antimony. 1 One gram of the alloy is dissolved in hydro- 
chloric acid with addition of potassium chlorate, the chlorine boiled 
off, and the solution diluted to 100 c.c. An aliquot portion of the 
solution, which contains about 0-15 g. tin, is pleasured out and run 
into a flask ; this is diluted to about 1 50 c.c. with water containing one- 
fifth of its volume of hydrochloric acid, heated, a little antimony added, 
and the whole boiled. The flask may be fitted with a rubber cork and 
leading tube. After boiling for a minute or two, the solution is cooled, 
starch added, and titrated with decinormal iodine. One c.c. Nf 10 
iodine solution = 0*00595 g. Sn. 

3. The Iodine Method in Alkaline Solution. 

According to Lenssen, 2 Rochelle salt and a solution of sodium 
bicarbonate are added to the solution of stannous chloride, which is 
then titrated with iotiine in presence of starch paste, until the 
production of the blue colour. 253*84 g. I = 119 S- Sn. 

4. The Indirect Ferric Chloride Method. 

In this method either a solution of stannous chloride or of metallic 
tin is added to a hot Jiydrochloric acid solution of ferric chloride, and 
the ferrous chloride formed is estimated by titration. 


ELECTROLYTIC DETERMINATION OF TIN 3 

M. Heidenreich deposits the tin from a hot oxalate solution, acidified 
with oxalic acid, in a coppered Classen dish, and obtains in four to 

1 Ibbotson and Brearly, Chem. News , igox, 84, 167. 3 J, prakt. Chem., 1908, 78, 200. 

3 Cf. Quantitative Analysis by Electrolysis , A. Classen, translated by B. Boltwood, p. 212 ; 
Electro-Analysis , E. F. Smith, p. 95; Heidenreich, Ber., 1895, 2 S, 1586 ;J. Soc. Chem . Ind 

1896, 15, 744 ; C. Engels, Ber 1895, 28, 3187 ; J. Soc . Chem, Ind., 1896, 15, 219. 
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four and a half hours an adhesive deposit of silvery looking metal. 
To the solution (about 150 c.c.), containing about 0*3 g. of tin, 4 g. of 
ammonium oxalate are added, the solution acidified with 9 to 10 g. of 
oxalic add, warmed to 6o° to 65°, and electrolysed with a current of 
1 to 1*5 ampere per 100 sq. cm. of cathode surface. The washing must 
be done without breaking the circuit The dish is rinsed with water 
and alcohol, and dried at 8o° to 90°. 

ARSENIC 

Only a very small proportion of the compounds of arsenic which 
find their way into commerce are obtained directly from ores of arsenic ; 
by far the greater quantity are obtained as by-products from the crude 
arsenious acid (white arsenic) recovered from the settling flues in the 
roasting of ores containing ai - senic. 

Arsenic Ores proper include : — 

Native Arsenic ( Flaky Arsenic ), often containing antimony and 
silver, as well as a littlg iron, less frequently nickel and cobalt 

Arsenical Pyrites (. Mispickcl ), FeS 2 +FeAs 2 , with 46 per cent of 
arsenic, 34*4 per cent of iron, and 19-6 per cent of sulphur. Frequently 
found together with tin-stone, iron pyrites, copper pyrites, galena, zinc 
blende, fahl ore, etc. 

Arsenical Iren ( Leucopyrite ), FeAs 2 , with 72-8 per cent of arsenic, 
and Lellingite , Fe 2 As.„ with 66* S per cent, of arsenic; not unfrequently 
containing some gold. The ore from Reichenstein contains 0*0022 to 
0*0024 per cent, of gold. 

The natural sulphides of arsenic — Realgar \ AsS, and Orpiment , As 2 S 3 , 
are used as found. 

Arsenic is also found in many other ore^such as Speiss cobalt, 
Kupfer nickel, etc., from which it is partially recovered by metallurgical 
treatment 

The products most frequently met 'with in analysis are: — Ores of 
arsenic, metallic arsenic, white arsenic, and red and yellow arsenic 
sulphides. The detection of arsenic in colours, etc., and in commercial 
crude acids (sulphuric and hydrochloric acids), is of special importance. 

Dry Assay of Arsenic} — This is employed for estimating the available 
quantity of arsenic, arsenious acid, or sulphur compounds of arsenic in 
ores. 

I,— Gravimetric Methods of Analysis 

Arsenic is determined either as trisulphide (As 2 S 3 ), pentasulphide 
(As 2 S 6 ), magnesium pyroarsenate (Mg 2 As 2 0 7 ), or as silver arsenate 

1 Cf C. and J, J. Beringer, Text Book of Assaying^ I2tb ed. } 1910, p. 382; Rhead and 
Sexton, Assaying and Metallurgical Analysis , 1902 ; Kerl, Probierbuch , 3rd ed., p. 170. 
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(Ag 3 As 0 4 ). The determination as* hydrated ammonium magnesium 
arsenate cannot be recommended. 

i. Estimation as Trisulphide, As 2 S 3 . 

The arsenic may be separated from solutions of arsenious acid {eg., 
in hydrochloric acid) as trisulphide, provided no substances are present 
which 'exert an oxidising action on the sulphuretted hydrogen. Such 
a solution is obtained, for instance, by distilling the arsenic as arsenious 
chloride {cf Vol. I., p. 284, and Vol. II., p. 21), and condensing the 
distillate (arsenious chloride and hydrochloric acid) in water free from 
air. By carefully passing in sulphuretted hydrogen all the arsenic 
is precipitated as trisulphide ; any traces of admixed sulphur may be 
extracted by means of hot alcohol, after collecting the precipitate on a 
filter paper dried at ioo°, and washing with water. The precipitate 
and paper are dried at ioo° to no° till constant, and weighed. As 2 S 3 
X 0-6093 = Arsenic. 

Small quantities of arsenic trisulphide are dissolved in ammonia, 
the, solution evaporated, the residue oxidised with fuming nitric acid, 
and the arsenic pentoxide produced estimated as magnesium pyro- 
arsenate or as silver arsenate. 

2. Estimation as Pentasulphide, As 2 S 5 . 

Arsenic is estimated as pentasulphide when to the solution of the 
mixed sulphides {cf Separation from Tin and Antimony, p. 284) in 
hydrochloric acid and potassium chlorate, a large quantity of strong 
hydrochloric acid is added, and sulphuretted hydrogen passed in for a 
long time in the cold. It is collected on a dried asbestos filter (Gooch 
crucible, cf Vol. I., p. 25), washed first with strong hydrochloric acid 
containing sulphuretted^hydrogen, then with boiling water, and finally 
with hot absolute alcohol, and weighed, after drying at ioo° to no°, till 
constant As 2 S 6 x 0-4832 = Arsenic. 

F. Neher 1 recommends the use of a solution containing one volume 
of water and two volumes of fuming hydrochloric acid of sp. gr. 1*2, 
in the separation of arsenic from antimony, bismuth, lead, etc. ; more 
hydrochloric acid retards the precipitation, which is usually completed 
by a rapid current of sulphuretted hydrogen in one hour. Warming 
must be avoided ; in fact, after the addition of the strong hydrochloric 
acid, it is well to cool. If the solution, after standing corked in a flask 
for two hours, still smells strongly of sulphuretted hydrogen, one may 
be certain that the precipitation is complete. 

In presence of stannic chloride, a compound containing tin, which is 
quite insoluble in hydrochloric acid, separates with the arsenic penta- 
sulphide. 

1 Z \ anal \ Chem 1*893, 32, 45 ; J. Chem. Soc. Absir., 1893, 64, 186. 
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This method of estimation was first published by Le Roy W*. M'Cay. 1 

Both the trisulphide and the pentasulphide of arsenic may be 
dissolved off the filter paper by pouring on a warmed mixture of 
ammonia* and hydrogen peroxide ; in the cooled solution the arsenic 
acid is precipitated as usual with magnesia mixture, ammonia, and 
alcohol. Perfectly pure hydrogen peroxide is now easily obtainable. 

3. Estimation as Magnesium Pyroarsenate, Mg 2 As 2 0 7 . 

Arsenic is frequently precipitated and (in presence of tartaric acid) 
also separated from antimony and tin as this compound. The sulphides 
of arsenic, antimony, and tin are dissolved by gently warming with 
hydrochloric acid and potassium chlorate (the sulphides of arsenic are 
treated with fuming nitric acid), and the temperature raised, but not 
sufficiently to melt the nearly white undissolved sulphur. If antimony 
and tin are present, some tartaric acid is added to the solution*, which 
is then somewhat diluted, filtered through a small paper into a beaker, 
and the paper washed with a little water. 

Sufficient magnesi^ mixture (prepared by dissolving no parts of 
crystallised magnesium chloride and 140 parts of ammonium chloride 
in 1300 parts of water and 700 parts of strong ammonia) is then added, 
the solution saturated with ammonia, one-quarter of the volume of 
absolute alcohol added, swirled round and allowed to stand covered, 
under a bell jar, for forty-eight hours. At the expense of accuracy, 
but without introducing any appreciable error, the precipitate may be 
filtered off after six to twelve hours and washed with a mixture of two 
volumes of strong ammonia with two volumes of water and one volume 
of alcohol. The precipitate and paper are dried in an air-bath, the 
precipitate removed as completely as possible on to glazed paper, the 
paper replaced , in the funnel, hot, dilute nitric acid poured over it, the 
solution evaporated in a weighed porcelain crucible, the precipitate then 
introduced into the crucible, the lid placed on, the contents gently 
heated to drive off the ammonia and water, and the temperature 
gradually increased up to a dull red heat ; the lid is then removed, and 
the crucible arid its contents strongly ignited by means of a blowpipe 
or large Bunsen burner. If the crucible be ignfted with the lid on, a 
considerable amount of arsenic may be volatilised owing to reduction 
by means of the burner gases. The crucible, whilst still hot, above IOO°, 
is placed in a desiccator containing sulphuric acid and weighed with the 

lid after half an hour. Mg 2 As 2 0 7 X 0-4829 « As. 

* 

4. Estimation as Silver Arsenate, Ag 3 As0 4 . 

If a solution of arsenic acid, free from chlorides, is nearly neutralised 
with ammonia, silver nitrate solution added, and then just neutralised 

1 Chem . News, 1886, 54, 287. 
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with ammonia, a chocolate-brown precipitate of silver arsenate is 
produced, which settles well on warming. The precipitate is washed 
by decantation, collected on a weighed filter paper, dried at ioo° till 
constant, and weighed. Ag 3 As 0 4 x 0.1621 = As. 

weight of the arsenate may also be arrived at by bringing the 
precipitate into a weighed crucible, evaporating off the water, and 
drying the residue in an air-bath ; it is still quicker to dissolve the 
washed arsenate in dilute nitric acid, add some ferric sulphate to the 
diluted solution, and estimate the -silver by titration with ammonium 
thiocyanate standardised against silver (Volhard’s method, p. 116). 
Agxo-23i7 = As. Agx 0-3059 = As 2 0 3 . 

A good excess of silver nitrate is used, and the filtrate from the 
silver arsenate tested by adding a few drops of dilute ammonia, which 
should give no further brown coloration of silver arsenate. No silver 
oxide *is precipitated in the slightly over-neutralised solution, since, 
according to Le R. W. M‘Cay, it is soluble in small quantities in the 
solution containing ammonium nitrate. 

•On account of the high molecular weight and small percentage of 
arsenic in silver arsenate, Finkener dissolves small quantities of 
ammonium magnesium arsenate, after drying, in dilute nitric acid, 
evaporates the solution in a weighed porcelain crucible, adds excess of 
silver nitrate, and evaporates several times with 10 to 20 c.c. of water until 
a fresh addition of water produces no further formation of arsenate (or 
darkening of the silver arsenate); the arsenate is then washed by 
decantation, dried, and weighed. A small amount of silver chloride as 
impurity in the arsenate is recognised on dissolving the weighed silver 
arsenate in dilute nitric acid ; the silver chloride may either be collected 
on a small filter paper, weighed as silver and deducted from the weight 
of the impure arsenate^ or, The nitric acid solution of the arsenate may 
be titrated as stated above. 

Any chlorides in the solution may be separated before neutralising 
with ammonia by the addition of silver nitrate and filtering off any 
silver chloride precipitated. Solutions containing sulphuric acid must 
be diluted on account of the slight solubility of silver sulphate. 

5 . Estimation as Arsenic Pentoxide, As 2 0 5 (Backstrom 1 ). 

On warming with fuming nitric acid, arsenic sulphide is converted 
into arsenic pentoxide and sulphuric acid. The solution is evaporated in 
a weighed porcelain crucible, the sulphuric acid driven off by carefully 
heating (eg., over a sand-bath) and the residual arsenic pentoxide 
heated to a dull red heat, insufficient to convert it into arsenious oxide. 
The hot crucible is placed in a desiccator containing phosphorous 
pentoxide, and is subsequently quickly weighed with the cover. After 

t 1 Z. anal . Chem 1892, 31, 663. 
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weighing, the arsenic pentoxide is ‘dissolved in hydrochloric kcid and 
water and tested by means of barium chloride for any retained 
sulphuric acid. 

The difficulty of this method lies in getting the right temperature, 
so that whilst all the sulphuric acid is driven off, no reduction of arsenic 
pentoxide to arsenious oxide takes place ; otherwise the method would 
be extremely useful for technical determinations, such as the estimation 
of the arsenic in yellow and red arsenic (mixtures of sulphide of arsenic 
with arsenious acid). , 

II. — Volumetric Methods 

i. Estimation of Arsenious Acid. 

The best method is that of F. Mohr, which depends on the oxidation 
of the solution, rendered alkaline by sodium bicarbonate, by means of 
iodine, in presence of starch as indicator, in accordance with the 
equation : — 

As 2 0 3 + 2H a O + 4I = As 2 0 5 + 4 HI. 

Stannous salts and antimonious acid should not be present ; solutions 
of these, to which Rochelle salt is added and then made alkaline with 
sodium bicarbonate, may likewise be titrated with iodine solution 
{cf. p. 79). 

For the preparation and standardisation of the iodine solution, cf 
Vol. I., p. 1 13. 

The solution to be titrated ■( e.g ., of white arsenic or flue dust, etc.) 
may conveniently contain o-i g. of arsenious oxide; it is neutralised 
with sodium carbonate, then 20 c.c. of a cold, saturated solution of 
sodium bicarbonate (prepared from the commercial salt, washed free from 
any adhering sodium carbonate by means of wafer) added, and titrated 
after the addition of starch solution. Alkaline solutions are first just 
acidified with hydrochloric acid, then sodium bicarbonate solution 
added, etc. 

Solutions of arsenic acid are evaporated with sulphuric acid in 
order to driv^ off any nitric acid, the residue taken up with a large 
excess of a saturated aqueous solution of sulphur cfioxide, gently warmed, 
the sulphur dioxide completely expelled by boiling, the solution cooled 
and neutralised, etc., as above. 

H. Nissenson and A. Mittasch 1 titrate the arsenic and antimony 
together in the sulphuric acid solution of the sulphides by means of 
JV/10 potassium bromate solution 2 (cf Analysis of Hard Lead, p. 235), 
using a few drops of indigo solution as indicator. For the determination 
of the antimony a second weighing of 1 g. is treated with brom-hydro- 

1 Chem. ZetL t 1904, 28, 184. • J\ Soc. Chem. Ind., 1904, 23, 338. 

3 GySry, Z anal. Chem t) 1893, 32, 415 ; J. Chem. Soc. Abstr, x 1893, 64, 554. 
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chloric acid and heated for a considerable time in the fume cupboard in 
order to drive off the arsenic ; after diluting with water the antimony 
is precipitated by sulphuretted hydrogen. The sulphide is then dis- 
solved in 50 c.c. of a cold, saturated solution of sodium sulphide, the 
solution heated to boiling, filtered into a platinum dish, boiling water 
added, and electrolysed for forty minutes with a current density of 
about i*6 amperes per square decimetre. The results so obtained are 
thoroughly satisfactory. 

2. Estimation of Arsenic Acid. 

The method most to be recommended (that of Baedeker and 
Briigelmann) depends on the precipitation of the arsenic acid by a 
solution of uranyl acetate or uranyl nitrate (U 0 2 (N 0 3 ) 2 + 6 H 2 0 ), the 
end-point being recognised by means of spot tests with potassium 
ferrocyanide solution. 

The uranium solution should contain about 20 g. of uranium oxide 
to the litre. For its standardisation a weighed quantity (about 0-2 g.) of 
ars*enious oxide is dissolved in a flask by boiling with strong nitric acid, 
the solution evaporated, the residue dissolved in water, neutralised with 
sodium hydroxide or ammonia, strongly acidified with acetic acid, 
uranium solution run into the cold solution until the greater part of the 
arsenic pentoxide is precipitated, the solution heated to boiling for a few 
minutes, and then titrated further with the uranium solution until a 
red coloration is given with a drop of potassium ferrocyanide solution 
on a porcelain tile. 

Since preliminary titrations are necessary for the standardisation, it 
is well to prepare a larger quantity of arsenic pentoxide or sodium 
arsenate solution ; in the preliminary titration, the uranium solution 
is always added in portions of 2 to 5 c.c. at a time, and the solution 
then tested with the potassium ferrocyanide. 

III. — Special Meti-iods 

1. For Ores, Speisses, and Waste, etc. (cf. also Yol. I., pp. 281 

et seq.). 

{a) One gram of the very finely ground substance is dissolved in aqua 
regia or in nitric and tartaric acids, the solution diluted, sulphuretted 
hydrogen passed in, the precipitate extracted with hot potassium 
sulphide solution, and the sulphides of arsenic, antimony, and tin 
reprecipitated by acidifying the cooled solution with dilute sulphuric 
acid. The mixed sulphides are dissolved in hydrochloric acid and 
potassium chlorate, the solution diluted, some tartaric acid added and 
the arsenic precipitated, by addition of magnesia mixture (see I. 3), 
ammonia, and alcohol, and finally weighed as magnesium pyroarsenate. 
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The antimony and tin in the filtrate may be determined as given under 
the analysis of White-metals (p. 258). 

(р) F. Reich's and T. Richter's Method (as employed at the Freiberg 
metallurgical works for raw and roasted ores). — Nitric acid (sp. gr. 1-2) 
is poured over 0*5 to 1 g. of the substance in a large porcelain crucible, 
which is covered with a watch-glass and heated on a sand-bath. After 
the decomposition, the watch-glass is removed and the contents of the 
crucible evaporated on the sand-bath. Three times the weight of pure 
anhydrous sodium carbonate (free from chloride) and an equal quantity 
of nitre are then added, and the crucible heated over a burner or in a 
muffle till tranquil fusion of the melt ensues. The cooled melt is 
extracted with hot water, the solution neutralised with nitric acid, the 
carbon dioxide driven off by warming, silver nitrate added, and then 
ammonia in very slight excess, which precipitates the arsenic acid as 
silver arsenate (according to Method I. 4, p. 272). The dried precfpitate 
is removed from the paper, the paper ignited on a scorifying dish, the 
precipitate together with 10 to 20 g. of assay lead added, again scorified, 
and the lead button obtained cupelled on a cupel ( cf Silver Ass*ay 
by Scorification, p. 98). From the weight of the silver bead obtained 
the amount of arsenic contained in the orginal substance may 
be calculated. One hundred grams of silver correspond to 23*17 g. of 
arsenic, or 30*59 g. As 2 0 3 . 

Pearce boils the aqueous solution of the melt, acidified with nitric 
acid, neutralises after cooling with ammonia, filters off any precipitated 
aluminium compounds, precipitates the arsenic according to the method 
given under I. 4, p. 272, dissolves the silver arsenate in dilute nitric 
acid, and titrates the silver by Volhard’s method. 

Raw ores may also be mixed with ten times their weight of a 
mixture of equal parts of sodium carbonate a*fd nitre, covered with a 
deep layer of the same mixture, and then fused. 

( с ) Fusion of the ground ore with six times its weight of a mixture 
of equal parts of sodium carbonate and sulphur, and lixiviation of the 
melt with hot water, etc. This method is less frequently used, generally 
only if lead, copper or antimony, and tin are to be determined in the 
sample as well as arsenic. . 

{d) Wastes are analysed by one of the foregoing methods, or more con- 
veniently, after evaporation of their solution in aqua regia, and addition 
of ferrous chloride and fuming hydrochloric acid, the arsenic is volatilised 
by distillation as^arsenious chloride (p. 196), and the arsenic in the 
distillate either determined as arsenic trisulphide (Method I. I, p. 271), 
or titrated by Mohr’s method (Volumetric Method II. X, p, 274). 

00 F, W. Boam's 1 Method for the Volumetric Determination of 
Arsenic in Ores, etc.— One to one and a half gram of the finely ground 

1 Chem . News, 1890, 61, 2x9. 
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substance is heated with 20 to' 25 c.c. of strong nitric acid, and 
the solution evaporated to dryness. After cooling, 30 c.c. of concen- 
trated sodium hydroxide solution (30 per cent) is poured on to the 
residue, boiled for a few minutes, some water added, filtered, and 
the filtrate diluted to 250 c.c. Twenty-five c.c. of this solution are 
acidified with 50 per cent, acetic acid in which 10 per cent, of 
sodium acetate is dissolved, heated to boiling, and titrated with uranium 
acetate solution (Volumetric Method, II. 2, p. 275). Boam uses a 
uranium solution of which 1 c.c. corresponds to 0-00125 g. of arsenic, 
prepared by dissolving 17*1 g. of pure uranyl acetate in 15 c.c. of strong 
acetic acid and water, and then making up the solution to 2 litres. 

The method is applicable to all ores decomposed by nitric acid. 
Any ferric arsenate formed is completely decomposed by boiling with 
a large excess of sodium hydroxide. 

(/) Arsenic Ores (native arsenic, arsenical pyrites, arsenical iron) and 
speisses are treated according to H. Nissenson and F. Crotogino 1 by 
heating with concentrated sulphuric acid as follows : — Five grams of the 
finest possibly ground speiss, dried at 100V are placed in a round- 
bottomed or small Erlenmeyer flask, a small funnel placed in the mouth 
of the flask, 15 c.c. of strong sulphuric acid poured on, and the contents 
heated until the metallic appearance of the speiss has disappeared ; the 
decomposition is ended, according to the temperature, nature, and 
fineness of the substance, in from half to three hours at the most. 
After cooling, hot water is added (by addition of cold water arsenious 
acid readily separates), and, after settling, the solution is filtered. The 
filtrate is heated to boiling, a rapid current of sulphuretted hydrogen 
passed in till the precipitate balls together, which generally takes place 
in about ten minutes, the solution filtered off into a 500 c.c. flask, and 
the precipitate washed* well with hot water. The filtrate is boiled to 
expel sulphuretted hydrogen, the iron oxidised with a sufficient 
quantity of ammonium persulphate or hydrogen peroxide, 200 c.c. of 
ammonia added, and after again boiling and cooling, diluted to 500 c.c. 
One hundred c.c. of the solution are then filtered through a dry 
paper, and nickel and cobalt separated electrolytically in the usual 
way by diluting to about 180 c.c., and electrolysing the hot solution 
in a Classen dish with a current of 1 ampere per 100 sq. cm. for one 
to two hours, according to the amount of nickel and cobalt present. 
The sulphide precipitate is dissolved in hydrochloric acid and potassium 
chlorate, the chlorine driven off, the solution diluted to 500 c.c., 100 c.c. 
filtered off, neutralised with ammonia after addition of tartaric acid, and 
the arsenic precipitated as ammonium magnesium arsenate by means of 
magnesia mixture. The copper in the filtrate, if only present in very 
small quantity, is estimated colorimetrically ; if present in larger 

1 r'Uawi *7 ait T r\r\n oA 8^*7 • T Chew Snr A T r\r\s> R-o firvt* 
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quantity, the filtrate is acidified with dilute sulphuric acid, the copper 
precipitated by boiling with sodium thiosulphate, the precipitate washed 
with boiling water, dried, ignited, and weighed as cupric oxide. If 
antimony is present, the sulphide precipitate is washed free from 
sulphuretted hydrogen, digested with ammonium carbonate solution to 
separate the arsenic, the residue extracted with 20 c.c. of concentrated 
sodium sulphide solution, and the antimony separated from the solution 
thus obtained electrolytically (cf p. 282). For the determination of the 
copper, or bismuth and cadmium, the sulphides remaining on the filter 
paper are dissolved in nitric acid, etc. The treatment with concentrated 
sulphuric acid is especially suited for pyrites, copper pyrites, mixed zinc- 
lead ores, etc. 

Silver in naturally occurring native arsenic is determined by scorifica- 
tion and cupellation (cf. pp. 98 and 105). 

2. For Sublimed Arsenic. — This metallurgical product’ may 
contain as impurity particles of arsenical pyrites introduced during 
sublimation. Traces of sulphur are recognised by dissolving in aqua 
regia, evaporating, agaki evaporating with hydrochloric acid, and pre- 
cipitating the hot dilute hydrochloric acid solution with barium chloride 
solution. Iron is determined as sulphide, FeS, by mixing a few 
grams of the sample with an equal t weight of sulphur in a Rose's 
crucible, and heating gradually up to strong ignition in a current of 
hydrogen and then allowing the crucible to cool in the current of 
hydrogen. 

3* For Crude Arsenious Acid (White Arsenic) and Flue Dust.— 
About o-S g. of the substance is dissolved in a flask by prolonged 
boiling with excess of potassium hydroxide. The solution, which is 
generally muddy owing to the presence of soo.t, sand, ferric oxide, etc., 
is cooled, diluted to nearly 100 c.c., and made just acid by adding 
hydrochloric acid, drop by drop. Fifty c.c. of a cold saturated solution 
of sodium bicarbonate is then added, the solution diluted to 500 c.c., 
in 25 c.c. of which the arsenious acid is titrated by F. Mohr’s method 
(Volumetric Method II. 1, p, 274). 

# Commercial white arsenic is practically pure # arsenious oxide, only 
being contaminated by extremely small quantities of flue dust (from 
the fuel of the roasting furnace) and traces of arsenic sulphide. Both 
are recognised by dissolving in hot hydrochloric acid, when the sulphide 
separates in a flocculent form. White arsenic, containing sulphur, 
if carefully sublimed in a porcelain dish, gives at the commencement 
a reddish deposit on another dish placed over it as a cover. 

White arsenic glass is nearly chemically pure arsenious oxide. 

4 . For Artificially prepared Realgar (Red Arsenic Glass) and 
Orpiment (Yellow Arsenic Glass). — The composition of these products 
only approximates to that of the naturally occurring sulphides, arsenic 
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disulphide (AsS) and arsenic trisulphide (As 2 S 3 ) ; for instance, yellow 
arsenic glass contains a considerable quantity of arsenious acid. 
Impurities (particles of ore, etc.) remain behind undissolved on boiling 
the finely ground substance with potassium hydroxide anH sulphur. 
For the estimation of the sulphur, 01 g. to o -2 g. of the substance is 
dissolved in aqua regia and the solution further treated as described on 
p. 278. For the determination of the arsenic, a small portion of the 
sample is boiled with concentrated nitric acid, the residue dissolved in 
water, and the arsenic pentoxide either precipitated with magnesia 
mixture (Method I. 3, p. 272) or titrated with uranium solution (Method 
II. 2, p. 275). Earthy impurities remain behind on volatilising a few 
grams in a crucible. 

5. In Rosaniline, Rosaniline residues, and Colouring Matters 
suspected of containing Arsenic.— The arsenic is distilled as chloride, 
by mixing the substance with ferrous sulphate and a large quantity of 
common salt in a large flask, pouring on pure (arsenic free) sulphuric 
acid, warming the flask on a sand-bath, and condensing the vapours 
through a well-cooled, spiral condenser. In, the case of rosaniline 
residues rich in arsenic, a small weight of the sample suffices. The 
arsenic in the distillate is either determined as trisulphide (Gravimetric 
Method I. I, p. 271), or titrated by Mohr’s method (Volumetric Method 
IL 1, p. 274), 

6. In Crude Commercial Hydrochloric and Sulphuric Acids.— 

Acids containing arsenic evolve, when used for pickling iron, for 
preparing hydrogen, in the manufacture of zinc chloride from zinc 
ashes, etc., corresponding quantities of the highly poisonous arseni- 
uretted hydrogen. 

For the estimation of the content of arsenic, Prauss generates 
hydrogen from pure zmc, free from arsenic, and the diluted acid under 
examination. The gas is passed through a series of wash-bottles, 
containing a measured quantity of standard neutral silver nitrate solution, 
and after the experiment, the silver in the filtrate from the separated 
metallic silver is titrated with ammonium thiocyanate. 

The decomposition of arseniuretted hydrogen takes place in accord- 
ance with the equation : — 

i2AgN0 3 + 3H 2 0 + 2AsH 3 = i2Ag + I 2 HN 0 3 4 As 2 0 3 . 

Prauss found that the results obtained by this method are sufficiently 
accurate for technical purposes, eg, o-io per cent, instead of 0-12 per 
cent., as given by a gravimetric determination. 

The arsenic may also be accurately determined by passing pure 
sulphuretted hydrogen (prepared from calcium sulphide or sodium 
sulphide and pure hydrochloric or sulphuric acid) for a long time into 
the diluted and gently warmed acid after reducing with sulphurous acid 
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or painted with water-colours, by taking 200 sq. cm. of the material under 
examination, cutting it up, placing it in a 300 c.c. flask, adding 2 g. of 
ferrous sulphate free from arsenic, pouring on 50 to 80 c.c. of pure 
hydrochloric acid (sp. gr. m8 to 1-19), and distilling off the arsenic as 
chloride. The arsenic trisulphide obtained from the distillate is 
dissolved in dilute ammonia, the solution evaporated with 0-02 g. 
sodium carbonate on a clock-glass, the residue ground up with 0-3 g. 
of a mixture of sodium carbonate and potassium cyanide, the mixture 
brought into a bulb-tube (diameter of bulb 2 cm.), the arsenic volatilised 
by heating the bulb in a current of carbon dioxide, and condensed as a 
mirror in a small tube (1*5 to 2 mm. wide) joined on to the bulb. If 
a partially opaque arsenic mirror is obtained, the goods under 
examination are not allowed by the Swedish law to be sent on to 

the market 

# 

ANTIMONY 

• The metal (regulus), the liquated sulphide, Sb 2 S s> and the numerous 
antimonial preparations are generally prepared from Stibnite (grey 
antimony ore, Sb 2 S 3 ), the most frequently occurring ore of anti- 
mony, which contains 71*7 per cent of antimony. Other antimony 
ores are : — Antimony bloom (Valentinite and Senarmontite), Sb 2 0 3 , 
and Antimony ochre (Cervantite, Sb 2 0 3 , Sb 2 0 5 , and Stiblithe, Sb 2 O s , 
Sb 2 0 6 + 2 H 2 0 ). Hard lead (antimonial lead) is prepared in large 
quantities in metallurgical works from lead and copper ores containing 
antimony; it comes on to the market with very varying contents of 
antimony (up to 30 per cent.). 

The following products occur most frequently for analysis : — Ores, 
metallic antimony, ha&d lead, and other alloys rich in antimony (white 
metal, etc.). The dry assays for ores 1 are very inaccurate, but are still 
much employed in metallurgical works as working tests. Of the 
gravimetric methods of determination, the determination of the 
antimony as tetroxide and the electrolytic separation of the metal 
from solutions of the sulpho-salt are to be recommended; there are 
also several volumetric methods suited to technical purposes. 

A. Methods of Estimation 

1. Estimation as Antimony Tetroxide, Sb 2 0 4 (Antimonious Acid). 
— The antimony sulphide obtained by precipitation with sulphuretted 
hydrogen, or by acidifying solutions of the sulpho-salt, is conveniently 
treated with strong nitric acid until all the sulphur is oxidised, 2 the 
excess of acid removed by evaporation, the sulphuric acid carefully 

1 Cf. Kerl, Probier buck , 2nd ed., 1894. 

2 Rdssing, Z, anaL Chem 1902, 41, 9 ; J \ Chew. Soc . Abstr ., 1902, 82, 230. 
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driven off, and the residue strongly ignited in an uncovered porcelain 
crucible supported in a round hole in a stout piece of asbestos board, 
and finally weighed as tetroxide. Sb 2 0 4 x 07898 = Sb. 

A few milligrams of antimony sulphide are dissolved in warm 
ammonium sulphide, the solution evaporated in a large, weighed porcelain 
crucible, and the residue then oxidised with strong nitric acid. Larger 
quantities of precipitated antimony sulphide and sulphur are washed 
from the filter paper into a large dish, evaporated to dryness on the 
water-bath, the dish covered, and the contents completely oxidised with 
strong nitric acid ; all the sulphur is thus immediately oxidised. After 
warming a short time, the contents of the dish are washed into a 
weighed crucible, and evaporated, etc., as above. (See also analysis of 
White-metal, p. 258.) 

2. Electrolytic Estimation 1 (cf. Analysis of Hard Lead, p. 234). — 
According to Classen, the deposition of the antimony is best carried out 
in a solution of the sulphide in a large excess of concentrated sodium 
sulphide solution; with a solution containing from 50 to 70 per cent, 
of a cold, saturated sodfum sulphide solution, the current used is from 
1 to 2 amperes, and the E.M.F. may vary between 1*5 and 3 volts. By 
warming the solution to 6o° to 8o°, the deposition (in a sand-blasted 
dish) is hastened, so that 0*3 to 0-4 g. of antimony are completely 
separated in from one and a half to two hours. If the deposition 
is carried out in the warm solution, the dish must be washed without 
breaking the current. In the usual course of the analysis of ores, etc., 
by fusion with sodium carbonate and sulphur, or by treatment of 
the sulphuretted hydrogen precipitate with solution of sodium or 
potassium sulphides, antimony solutions are obtained which may be 
directly electrolysed after first decomposing th^ polysulphides by the 
careful addition of hydrogen peroxide, and then adding a considerable 
quantity of a cold, saturated solution of pure sodium sulphide. Arsenic 
is previously removed from the sulphuretted hydrogen precipitate by 
extraction with a saturated solution of ammonium carbonate, whilst 
tin may be present and is not deposited from a concentrated solution 
of the sulpho-s&lts. 2 After the deposition of the antimony, the tin may 
be precipitated as sulphide from the diluted solution by acidifying with 
sulphuric acid, and then converted into stannic oxide and weighed as 
such. 

3. Titration of the Antimony Oxide with Iodine (F, Mohr). — 
The oxidation takes place in a slightly alkaline solution, according to 
the equation : — 

Sb 2 0 3 4- 4 I + 2 Na 2 0 = Sb 2 0 5 + 4 NaI. 

1 Cf. Quantitative Analysis by Electrolysis, A. Classen. English translation by B. Boltwood, 
1903, p. 208 ; also, Electro-Analysis , E. F. Smith, 1908, p. 171. 

2 Cf. A. Fischer, Z anorg. Chem 1904, 42, 363 ; /. toe. Chem. fnd 1905, 24, 153. 



i 

ANTIMONY: METHODS OF ESTIMATION 


283 


* * 

According to Fresenius, a solution containing about o*i g. of 
antimony oxide, prepared by addition of water and tartaric acid, is 
neutralised with sodium carbonate, 20 c.c. of a cold, saturated solution 
of sodium bicarbonate and some starch solution added, and then 
titrated to the blue coloration with a standard iodine solution. Finkener 
adds a slight excess of the iodine solution, and titrates back, till 
the blue coloration just disappears, with a solution of sodium thio- 
sulphate checked against the iodine solution. One g. I = 0-5861 g. Sb 2 0 3 , 
or = 0*4735 g. Sb. 

4. Titration of the Antimony Oxide and of the Antimonic Acid 

'F. A. Gooch and H. W. Gruener x ). — The antimony oxide is titrated as 
above with an iodine solution standardised against a solution of tartar 
emetic. In a separate portion of the solution, after acidifying with 
some sulphuric acid, the antimonic acid is reduced by means of hydriodic 
acid (boiling the solution with potassium iodide), the solution de- 
:olorised by the careful addition of a dilute sulphurous acid solution, 
:ooled, neutralised, etc., and the total content of antimony thus 
ebtained. • 

5. Titration of the Iodine liberated by the action of Antimonic 
Chloride on Potassium Iodide in Hydrochloric Acid Solution (Parry 1 2 3 ). 
— This method is suitable for alloys of lead, tin, and antimony. Copper, 
arsenic, and iron, if present, are included with the antimony in the 
determination, and must be separately estimated and allowed for. One 
"o two grams of the finely divided alloy are dissolved in hydrochloric acid, 
potassium chlorate solution being added towards the end to assist 
solution. An excess of potassium chlorate is then added, the solution 
diluted, and the chlorine boiled off ; after allowing to cool, the flask 
:s filled with carbon qjioxide from a Kipp apparatus, 20 c.c. of a 20 
per cent, potassium iodide solution added, and the solution titrated 
-apidly with stannous chloride. 

The allowance for arsenic, copper, and iron is as follows : — 

1 per cent. As — i*6 per cent. Sb. 

1 „ Cu = o*945 » 

1 9 » Fe = 1-07 „ 

Giraud 8 adds carbon bisulphide to take up the liberated iodine, and 
dtrates with sodium thiosulphate. 

6. Titration of Antimony Oxide with Potassium Bromate (cf. 
Hard Lead, p. 235). 

7. Titration of the Sulphuretted Hydrogen evolved from Antimony 
Sulphide (R. Schneider 4 ), — Antimony trisulphide and pentasulphide 

1 Amer. J, Science , 1891, [3], 42, 213 ; J. Chem . Soc, Alstr ., 1892, 62, 242. 

2 Assay of Tin and Antimony , p. 39. 

3 Bull Soc . Chim ., 1887, 46 , 504 ; J. Chem . Soc, Absir., 1887, 52, 400. 

4 Fogg. Ann., i860, 1 10 , 634. 
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liberate sulphuretted hydrogen on boiling with hydrochloric acid ; at 
the same time sulphur is separated from the pentasulphide. If the 
evolved sulphuretted hydrogen is led into a measured excess of iodine 
solution, ‘considerably diluted with water, contained in a large retort, 
sulphur separates according to the equation : — 

H 2 S + I 2 = 2HI + S, 

and the excess of iodine can be titrated back with a sodium thiosulphate 
solution checked against the iodine solution. The starch solution is 
not added in this case until the solution is of a wine-yellow colour. 
Sb 2 S 3 evolves 3H 2 S, which requires 61 for oxidation. One gram I used, 
therefore, corresponds to 0*3157 g. Sb. 

The determination is carried out as follows : — The filter paper con- 
taining the antimony sulphide (which may be admixed with arsenic 
sulphide) is introduced into a wide-necked flask, and 25 p<*r cent 
hydrochloric acid allowed to run in through a safety funnel. The 
long delivery tube is inserted into the body of the retort, which is 
inverted, filled with dilute iodine solution, and rests on a wicker stand. 
The flask is heated and the liquid allowed to boil for ten minutes ; the 
delivery tube is withdrawn from the iodine solution during the boiling. 
The receiver (retort) is then cooled under the tap, the iodine solution 
washed into a large beaker, and the excess of iodine titrated back. 
As a check, the antimony solution in the flask may be titrated by 
Mohr’s method (No. 3, p. 282), after the addition of tartaric acid, 
diluting, and filtering. Since the antimony sulphide precipitate 
generally contains chlorine, this method does not give absolutely 
accurate results, but may, nevertheless, be employed for technical 
determinations. 

B. Separation of Antimonf, Arsenic, and Tin 

The best methods of separation have already been described under 
the analysis of Hard Lead, p. 234, and of White-metal, p. 258. Arsenic 
and antimony, are separated by diluting the solution of the sulphides 
in hydrochloric acid and potassium chlorate after the addition of 
tartaric acid, filtering, saturating with ammonia, and precipitating the 
arsenic acid with magnesia mixture, etc. A small quantity of arsenic may 
be extracted from the mixed sulphides by means of a saturated solution 
of ammonium carbonate. Tin and antimony are best separated by 
means of iron, the metallic antimony being redissolved and deposited 
electrolytically as metal from a solution of the sulpho-salt (cf. Method 2, 
p. 282), and the tin precipitated as sulphide from the antimony-free 
solution, etc. If arsenic and tin are present .together with antimony, 
it is best to precipitate the arsenic as pentasulphide by passing 
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sulphuretted hydrogen into the col< 5 , strong hydrochloric acid solution, 
to filter through an asbestos filter, oxidise the filtrate with a slight 
excess of bromine water, dilute somewhat, and precipitate the antimony 
by means of pure iron, etc. 

Hampe 1 uses the following method of separation : — After adding a 
fair quantity of tartaric acid to the solution and precipitating the 
arsenic as magnesium ammonium arsenate, the filtrate is acidified, 
sulphuretted hydrogen passed in, the tin and antimony sulphides 
dissolved in freshly prepared sodium sulphide solution, and the con- 
centrated, cold solution of the sulpho-salts oxidised by the addition of 
small quantities of sodium peroxide until a fresh addition causes 
effervescence with evolution of oxygen. To bring about complete 
separation of the sodium pyroantimoniate, after boiling and cooling, 
one-third of the volume of alcohol of sp. gr. 0-833 1S added, and the 
precipitate filtered off after standing for twenty-four hours. Rose 
recommends washing the precipitate first with a mixture of equal 
volumes of water and alcohol (sp. gr. 0-83), and then with a mixture 
of o’ne volume of water and three volumes of ajcohol; a few drops of 
sodium carbonate solution should be added to the liquids used in the 
washing. The sodium pyroantimoniate is dissolved in hydrochloric 
acid containing tartaric acid, and the antimony precipitated by 
sulphuretted hydrogen and finally weighed as oxide. The alcohol 
is driven off from the filtrate from the sodium pyroantimoniate, the 
solution acidified with hydrochloric acid, sulphuretted hydrogen passed 
in, and the precipitate of tin sulphide converted by careful ignition into 
oxide, which is finally strongly ignited after the addition of a small 
piece of ammonium carbonate. 

C Special Methods of Analysis 

1. For Ores, Liquated Stibnite, and Slag's. 

(a) One-half to one gram of the finely ground substance is fused in a 
covered porcelain crucible with six times its weight of a mixture of 
equal parts of sodium carbonate and sulphur (or six times the weight of 
sodium thiosulphate dehydrated at 210°) until no mgre sulphur is 
evolved. The cold melt is extracted with 40 to 50 c.c. of hot water, 
the solution filtered into a matted Classen dish, concentrated by evapora- 
tion on the water-bath, the polysulphides decomposed by the careful 
addition of hydrogen or sodium peroxide, the volume of the solution 
made up to 150 c.c. after the addition of 60 to 70 cc. of a cold, saturated 
solution of sodium sulphide, and then electrolysed hot (cf. Method 2, 
p. 282). If the substance contains arsenic in considerable quantity, the 
sulpho-salts in the aqueous extract of the fusion are completely oxidised 
by repeated additions of small quantities of sodium peroxide (arsenic is 
1 Chenu Zeit ., 1894, l8, 1900 ; J Soc . Chem . Ind., 1895, 14, 302. 
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thereby converted into sodium arsefcate), the solution digested 'with the 
larger quantity of cold, saturated sodium sulphide solution until all the 
sodium pyroantimoniate is completely dissolved, and then electrolysed ; 
by this means arsenic acid is not reduced. The antimony is removed 
from the dish by alternately warming with strong nitric acid and hot 
potassium hydroxide, or with nitric and tartaric acids. 

If electrolytic apparatus is not available, the solution of the sulpho- 
salts from the fusion is warmed with excess of dilute sulphuric acid, the 
sulphides filtered off, the antimony separated if necessary from arsenic 
and tin, and determined finally as oxide (Method I, p. 281). 

Oxidised ores, difficultly soluble in acids, are likewise treated by 
fusion with sodium carbonate and sulphur, etc. Carnot’s method, which 
consists in the conversion of the oxides into antimony sulphide by 
heating for a long time at 3 oo° in an atmosphere of dry sulphuretted 
hydrogen, is of no practical value. (Cf also Estimation of Antimony in 
Arsenic Ores, p. 278.) 

(b) The finely ground ore or liquated stibnite is dissolved in aqua 
regia, or in hydrochloric acid and potassium chlorate, the solution made 
alkaline with potassium hydroxide, sodium sulphide solution added, 
warmed until all sodium pyroantimoniate has dissolved, filtered, and 
after adding a large quantity of sodium sulphide solution, the solu- 
tion is electrolysed with a current of 2 amperes. Arsenic is not 
deposited, since it is present as arsenic acid. The usual analytical 
method may of course also be applied in this case. 

(c) Estimation of Sulphur . — Several decigrams of the ore are heated 
in a current of chlorine, tartaric and hydrochloric acids added to the 
liquid in the receiver, the free chlorine expelled from the solution 
by warming and passing in carbon dioxide, antimony, arsenic, and tin 
precipitated by sulphuretted hydrogen (Finkenej*), the sulphides filtered 
off, the sulphuretted hydrogen in the filtrate boiled off, and the 
sulphuric acid precipitated as usual with barium chloride solution. 

2. For Metallic Antimony (Regulus Antimonii). 

Commercial antimony generally contains lead, silver, arsenic, copper, 
iron, and a little sulphur as impurities ; bismuth, flickel, and cobalt may 
be present The pure metal has a silver-white colour, whilst antimony 
containing lead is more or less of a bluish white colour with a fracture 
less coarsely crystalline than that of the pure metal. In commerce, the 
so-called antimony star 1 * 3 on the top of the ingot or cake is taken as a 
special sign of purity ; this is only formed on the pure metal, however, 
if it solidifies under a covering of slag and is protected against shock. 

1 A specimen of antimony from Hungaiy possessing this star-like surface contained the 

following impurities : — Arsenic, 0*330 per cent. ; iron, 0*053 per cent. ; and sulphur, 0*720 

per cent. (Schnabel). 
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For fhe analysis, several grams’ of the finely pulverised metal are 
dissolved in nitric and tartaric acids, the solution saturated with 
ammonia, copper, lead, and iron precipitated by the careful addition 
of sulphuretted hydrogen (Finkener’s method, p. 258), the .sulphides 
filtered off, and the metals determined in the usual way. For 
the estimation of the arsenic a separate weighing of several grams 
is dissolved in hydrochloric acid and potassium chlorate, the chlorine 
driven off by gently warming, the solution cooled, a large quantity of 
concentrated hydrochloric acid added, sulphuretted hydrogen passed in 
for a long time, arsenic and copper precipitated as sulphides and filtered 
off through an asbestos filter (cf. Analysis of White-metal, p. 259). The 
arsenic sulphide is extracted with ammonium carbonate solution, the 
solution evaporated, oxidised with strong nitric acid, and the arsenic 
acid precipitated in the usual way with magnesia mixture, leaving 
the copper in the ammoniacal solution. 

The determination of sulphur is carried out as described under 
0) (p. 286). 

• 3. For Antimony Alloys. 

The methods of analysis have already been described under the 
analysis of Hard Lead (p. 233), and of White-metal (p. 258). 

4. For Antimonial Preparations and Colours. 

(Oxides, Tartar Emetic, Gold Sulphur, Antimony Cinnabar, etc.) 

These are either dissolved or fused with sodium carbonate and 
sulphur, and their .content of antimony determined by Methods I to 6 
(p. 281). 


. ZINC 

The products that occur for technical examination are Raw and 
calcined ores and waste from the dressing of the ores, commercial zinc, 
zinc dust, hard zinc or bottom zinc from the galvanising of iron, zinc 
dross and ashes, materials from the metallurgical treatment of lead, 
copper, and iron ores containing zinc, zinc-white residues, and fumes. 
In addition, especially in zinc works proper, crude or work zinc has to 
be analysed as well as the residues from the distillation of zinc. 

The most important ores of zinc are : — 

Zinc blende or Blende , ZnS, contains in its purest state 67 per cent, 
of zinc, but invariably contains iron (up to 18 per cent.) as impurity, 
and traces of cadmium up to 3 per cent Many black blendes contain 
manganese and traces of tin, less frequently traces of indium and 
gallium also. Pyrites, galena, copper pyrites, arsenic, and antimony 
ores are frequently found with blende. 

Calamine, ZnCO s , containing 52 per cent, of zinc; a part of the zinc 
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in the carbonate is usually replaced by iron, manganese, cadmium, 
calcium, and magnesium. The green calamine of Laurion is coloured 
with copper carbonate ; rich deposits of calamine have also been found 
there in antique aqueducts. Common calamine, with less than 30 per 
cent, of zinc and mixed with clay, ferric hydroxide, manganese oxide, 
limestone, and dolomite, is much more frequent. 

Crystallised Silicate of Zinc, Zn 2 Si0 4 +H 2 0, contains 53-7 per cent 
of zinc, and is known as “ electric calamine 5 ’ when associated with the 
frequently occurring earths, clays, etc., as impurities. 

Willemite , Zn 2 Si0 4 , containing 58-1 per cent, of zinc, and Troostite , 
2(Zn,Mn)0,Si0 2 , as well as Red Zinc Ore (zinc oxide with up to 12 per 
cent, of manganese as oxide) and Franklinite, 3(FeZn)0 + (FeMn) 2 0 3 , 
are found in large quantities exclusively in the state of New Jersey. 

A. Methods of Estimation 

Sufficiently accurate methods of dry assay are not known. In 
technical work the zinc in ores, etc. (with the exception of alloys of 2inc 
with copper, nickel, etc.), is determined, by preference, volumetrically, 

’ either by the titration of the ammoniacal solution with sodium sulphide 
(Schaffner’s method), or by the potassium ferrocyanide method; the 
latter method is generally employed in England and in the United 
States, the former method in Germany. The gravimetric determination 
of the zinc as zinc sulphide (Schneider and Finkener’s method) is rarely 
used in commercial work, and then only as a deciding test ; it is the 
most accurate of all methods of estimation. Up to the present, none 
of the many electrolytic methods proposed have found application to 
the determination of zinc in ores, on account of the necessity of 
previously separating the other metals and of tb£ lengthy manipulation 
involved. 

x \ Estimation of the Zinc as Sulphide, ZnS.— This method 
permits of a simple and complete separation of zinc from the metals 
(iron, manganese, nickel, cobalt) which are not precipitated from a 
dilute mineral acid solution by sulphuretted hydrogen, and is best 
carried out in a very dilute solution rendered j&st acid with sulphuric 
acid. One-half to one gram of the dried finely ground, substance (raw 
or calcined ore, residues, ashes, etc.) are dissolved in a flask in hot 
aqua regia (from concentrated acids), or by heating with nitric acid 
saturated with potassium chlorate. Excess of previously diluted 
sulphuric acid is added, and the contents of the flask boiled until dense 
fumes of sulphuric acid are evolved. The syrupy residue is taken up 
with water (50 c.c.), sulphuretted hydrogen passed in, the precipitate 
(copper sulphide, cadmium sulphide, lead sulphate, gangue, etc) filtered 
off, and washed with diluted sulphuretted hydrogen water acidified with 
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sulphuric acid. The filtrate is boiled to expel the sulphuretted hydrogen, 
cooled, and neutralised, after the addition of a piece of Congo red paper, 
with ammonia until the paper just turns a pale violet colour. ^Any 
cloudiness due to ferric hydroxide, etc., is removed by the addition of 
a few drops of normal sulphuric acid ; if the liquid becomes strongly 
heated (on account of its being strongly acid), after nearly neutralising, 
it is cooled by placing it in cold water, and then the cooled solution 
further neutralised. Litmus paper cannot be used, since neutral 
solutions of zinc sulphate and of zinc chloride show an acid reaction 
with litmus. The solution is diluted according to the amount of 
zinc it contains, so that ioo c.c. do not contain more than o-i g. of 
zinc. The beaker is then covered with a clock-glass and a con- 
tinuous current of sulphuretted hydrogen passed in for one and a 
half to two hours through a bent delivery tube with a fine opening. 
If the* precipitation of the white zinc sulphide does not begin for a 
quarter of an hour or more, the solution contains too much free acid ; 
this will be recognised later by considerable amounts of zinc sulphide 
adliering fairly fast to the sides of the beaker. After standing twelve 
to eighteen hours, the solution is filtered through a strong, ash-free 
paper, the zinc sulphide brought on to the paper and washed with 
water (200 to 300 c.c.) in which about 5 g. of ammonium sulphate are 
dissolved, after the addition of some sulphuretted hydrogen water. A 
slight opalescent cloudiness of the filtrate, which generally does not 
take place till after the filtration, is due to very finely divided sulphur, 
which is separated by the action of the oxygen in the air on the 
sulphuretted hydrogen. Before bringing the precipitate on to the 
filter paper, another beaker is placed under the long-necked filter funnel, 
and the first runnings of the cloudy filtrate poured back until the pores 
of the filter paper become stopped up and the filtrate runs through 
perfectly clear. The filter paper with the precipitate is then dried in 
an air-bath, the zinc sulphide removed as completely as possible on 
to glazed paper, the paper ignited in a Rose crucible, previously 
weighed with the lid (the ignition requires about one hour), the zinc 
sulphide, together with an equal volume of powdered roll sulphur, 
introduced into the cooled crucible, the lid placed on, and pure dry 
hydrogen led in by means of the porcelain delivery tube. After all 
the air is driven out, the crucible is heated with a Bunsen burner with 
a small flame ; when all the sulphur has escaped, the temperature is 
increased to a bright red heat, and after strongly igniting for twenty 
minutes, the crucible is allowed to cool in the current of hydrogen. 
ZnS x 0-6709 = Zn. 

Care must be taken to rub off as little of the fluff as possible from 
the filter paper when removing the precipitate, otherwise carbon will be 
found with the weighed zinc sulphide. The filtrate from the zinc 
II T 
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sulphide is evaporated in a large porcelain dish over a free flame to 
about 200 c.c., after cooling, neutralised with ammonia, using Congo red 
paper as indicator, very slightly acidified with a little normal sulphuric 
acid, and" then sulphuretted hydrogen passed in for an hour. If any 
zinc sulphide separates after standing for some time, it is filtered off 
and treated as above. The precipitation in a very dilute hydrochloric 
acid solution is not to be recommended, because on ignition in hydrogen 
a loss of zinc as zinc chloride may take place owing to a small amount 
of ammonium chloride being retained in the dry zinc sulphide. A 
yellow deposit on the underneath side of the crucible lid is cadmium 
sulphide; this is generally to be found in determining zinc in brass or 
German silver, when the copper is determined electrolytically, and the 
solution from the copper neutralised, diluted, and the zinc precipitated 
with sulphuretted hydrogen* The deposit is weighed together with the 
zinc sulphide as such, since the separation or quantitative estimation of 
the very small quantity of cadmium is quite superfluous. 

In the analysis of German silver (cf. Nickel, p. 319) several cubic 
centimetres of distilled sulphuric acid are added to the filtrate fromfthe 
zinc sulphide before evaporating, otherwise nickel sulphide easily 
separates and adheres firmly to the sides of the dish. On subsequent 
neutralisation of the solution with ammonia, a corresponding quantity of 
ammonium sulphate is formed, the presence of which is an advantage 
in the electrolytic deposition of the nickel. 

2. The Electrolytic Estimation of Zinc is of but little practical 
importance, since good adhesive deposits of the met^l are only obtained 
by very slow deposition, and it is essential to work with nearly pure 
zinc solutions. According to Classen, good results are obtained, for 
example, if a sulphuric acid solution containn^g several decigrams of 
zinc is neutralised with potassium hydroxide, 4 to 5 g. of neutral 
potassium oxalate added, warmed to dissolve any precipitated zinc 
oxalate, 4 to 5 g. of potassium sulphate dissolved in the solution (about 
100 c.c.), which is then cooled^ and electrolysed, first with a current of 
0*25 to o*s ampere, and finally with 1 ampere. The zinc is not 
deposited directly on to the platinum electrodejcone or dish), but this 
latter is first coated with a clean electrolytic deposit of copper or silver, 
since zinc deposited directly on to platinum when dissolved off the 
electrode by means of acids leaves behind peculiar dark spots (an alloy 
with platinum appears to be formed), and the electrode after repeated 
ignition and treatment with hydrochloric acid does not keep a constant 
weight. For coating the dish with copper, a copper sulphate solution 
acidified with nitric acid or a potassium copper cyanide solution is used ; 
and for silvering, the usual silvering solution of potassium silver cyanide, 
containing 4 to 10 g. of silver and 10 to 25* g. of potassium cyanide 
per litre. It is more practical to use dishes of fine silver ; in the technical 
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laboratories at Eisleben the zinc is deposited on copper cylinders. A 
method recommended by H. Paweck 1 consists in depositing the metal 
on amalgamated brass wire gauze, and is comparatively quick. When 
using a silvered or coppered cone or dish, the end of the deposition is 
determined either by adding about 20 c.c. of a cold, saturated potassium 
sulphate solution and electrolysing for another hour, or by taking out 
a few cubic centimetres by means of a pipette and warming with 
ammonium sulphide. The washing is done without breaking the circuit, 
and the cone dipped into water, then into absolute alcohol, and dried 
quickly over a heated dish. Small quantities of iron are deposited as 
metal along with the zinc ; the zinc containing iron is dissolved off the 
silvered or silver electrode in warm dilute sulphuric acid, the solution 
cooled, the iron titrated with potassium permanganate and deducted as 
iron. 

E/F. Smith 2 states that zinc is especially readily determined by 
means of a rotating anode and mercury cathode; he uses a zinc sulphate 
solution containing free sulphuric acid. 

The numerous other methods proposed for thcs electrolytic estimation 
of zinc are described in the literature on electrolytic analysis. 3 

3. Volumetric Estimation of Zinc. 4 — (a) S chaff ner's Method (cf. Vol. 
I., p. 289). — This consists in the precipitation of the zinc in an 
ammoniacal solution as zinc sulphide by means of a sodium sulphide 
solution, which is added until a slight excess is recognised by means of 
an indicator. Iron, copper, lead, cadmium, manganese, nickel, and 
cobalt interfere with the accuracy of the method, and must previously 
be removed ; the two latter hardly ever occur in appreciable quantities 
in ores of zinc. Sulphide ores (raw and calcined blendes) and residues 
are dissolved in strong nitric acid, aqua regia, brom-hydrochloric acid, 
or in nitric acid and potassium chlorate, calamine in aqua regia ; electric 
calamine is best dissolved in 50 per cent sulphuric acid with addition 
of hydrofluoric acid (in a platinum dish), evaporated, and the iron 
oxidised with a little nitric acid. The metals precipitated by 
sulphuretted hydrogen (lead, copper, and cadmium), are removed 
by passing the gas iijto the moderately dilute solution ; the filtrate 
is boiled, the ferrous salts oxidised by the addition of nitric acid or 
aqua regia, the solution much diluted, bromine water added, then 
saturated with ammonia and ammonium carbonate solution, and the iron 
and manganese precipitate filtered off. If the ore contains above 5 per 
cent of iron, it is redissolved in dilute sulphuric acid, after washing 
the precipitate for a short time, bromine water (10 to 20 c.c.) added 
to the diluted solution, and the precipitation repeated, since the ferric 

1 Chem. Zeit 1898, 22, 646 ; J Chem. Soc. Abstr 1899, 76, 250. 

a Electro- Analysis , p. 120. 3 Cf p. 159. 

4 Cf “Technical Assay of Zinc,” Greenwood and Brislee,^ Imt. Metals , 1909, 2, 249. 



292 


METALS OTHER THAN IRON 


hydroxide precipitate carries down with it a considerable quantity of 
zinc hydroxide. 

The precipitation may also be effected in a 500 c.c. graduated flask, 
which is filled to the mark after cooling, shaken round, and not taking 
into account the volume of the precipitated ferric hydroxide, several 
hundred cubic centimetres are filtered through a dry filter paper, and 
100 c.c. taken for each titration ; in this case it is well to prepare the 
solution of chemically pure zinc which is going to be used as standard 
in a similar graduated flask, and to add approximately the same 
amount of iron (as ferric chloride solution), to dilute, add excess of 
ammonia and ammonium carbonate, make up to 500 c.c., etc. The 
amount of zinc retained by the ferric hydroxide precipitate is then 
approximately the same in both cases. This method is quicker than 
the above. 

The excess of ammonia in the solutions to be titrated must be 
slight ;■ it is usual to allow solutions withdrawn by the pipette to stand 
uncovered overnight. The sodium sulphide solution is prepared from 
a cold, saturated solution of pure crystallised sodium sulphide* by 
diluting with ten to twenty times the volume of distilled water and con- 
necting up from a large stock bottle permanently with a burette. The 
best indicator for the end-point is “ Polka paper,” a paper sized and 
covered with white lead ; it is prepared for the use of zinc metallurgical 
laboratories. The titration is carried out in strong beakers (battery 
glasses) and the solution stirred with a glass rod, which serves for the 
removal of drops of liquid from time to time which are allowed to 
drop on to the test paper. A modification of the method of titration 
consists in adding a flake of freshly precipitated ferric hydroxide to 
the solution contained in a flask, keeping the solution rapidly rotating 
during the addition of the sodium sulphide*solution and continuing 
until the flake is blackened. The flask is frequently held over a plate- 
glass mirror to facilitate the observation of the flakes. The method is 
sufficiently accurate for all technical purposes. 

(b) Gallettis Potassium Ferrocyanide Method \ modified by Fahlberg, 1 
v. Schulz, Low, 2 and others, consists in precipitating the zinc by means 
of a solution of potassium ferrocyanide in a solution warmed to 
6o° to 8o°, acidified with hydrochloric acid, and free from iron, manganese, 
copper, lead, and cadmium, the end-point being recognised by a spot 
test, using a solution of uranium acetate as indicator. 

This method is generally used in preference to the sodium sulphide 
method, both in England and in America, as it has the advantage of 
the greater stability of the solution used for the titration. 

The method of solution for the ore and the separation of the interfering 

1 Fresenius, Quantitative Analysis , 7th ed!, vol. ii., p. 283. 

3 Berg, u. Ratten, Zeit 1893, 52, 338. 
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metals may be carried out as described under Schaffner’s method. 
The alkaline solution thus obtained is neutralised with hydrochloric 
acid, an excess of 5 c.c. added, the solution made up to 250 c.c. with hot 
water, and titrated. The solution of potassium ferrocyanide contains 
22 g. of the crystallised salt to the litre ; a 5 per cent solution of 
uranium acetate is used as indicator. Uranium nitrate or ammonium 
molybdate may also be used as indicators. 1 

The titration in an ammoniacal tartrate solution (see Special 
Methods, Voigt, p. 294) is sometimes used. 

B. Special Methods of Analysis 

1. For Ores, Calcined Ores, Ashes, Residues, etc. 

Loss on Ignition . — A few grams of calamine or electric calamine 
are weighed in a porcelain crucible, gradually heated up to strong 
ignition, and the loss in weight (carbon dioxide and water) determined 
after cooling. 

* Sulphur ( cf. Vol. I., p. 289). 

In the working of the calciners, the roasted blendes are tested to see 
if sufficiently calcined (F. Meyer) by gently warming a measured 
quantity of the fine powder in a small flask with 10 c.c. of hydrochloric 
acid (1 :2), at the same time holding a strip of filter paper moistened 
with a dilute alkaline solution of lead acetate in the neck of the flask. 
The degree of calcination is judged from the intensity of the coloration 
produced on the paper. 

Zinc . — This is> generally determined volumetrically. In the case 
of differences of 1 per cent, and over in the results obtained, the 
gravimetric estimation as zinc sulphide (p. 288) is used as a deciding 
test 

Gravimetric Estimation of Zinc (G. Schlegel). 2 — Two grams of the 
finely ground and sieved ore, dried at ioo°, are dissolved in a tall 
beaker in 20 c.c. of strong aqua regia, the silica separated by evapora- 
ting the solution to complete dryness, the residue again taken down 
with a little hydrochloric acid, digested with 15 c.c. of hydrochloric 
acid, and boiled with 200 c.c. of water. Without filtering, excess of 
ammonia is added to the solution, which is repeatedly shaken round 
and then allowed to stand for ten minutes until the hydroxides of iron, 
aluminium, and lead have settled. If manganese is present, a few 
drops of hydrogen peroxide or a very little sodium peroxide are added 
before adding the ammonia. The precipitate is filtered on to a smooth 
filter paper 15 cm. in diameter, washed somewhat, then again dissolved 

1 Nissenson and Kettembeil, Chem . Zeit., 1905, 27, 591. 

2 Private communication to Pi of. Pufahl. This method is usually employed at the Hohenlohe 
Works, Upper Silesia. 
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in hydrochloric acid in the first beaker, after diluting to 200 c.c., again 
precipitated with ammonia (after addition of hydrogen peroxide, if 
necessary), filtered, and this manipulation repeated a third time. The 
combined*- filtrate is placed in a litre flask, cooled, and after diluting 
up to the mark, 200 c.c. (corresponding to 0*4 g. of substance) are 
usually withdrawn with a pipette. In the case of ores containing less 
than 15 per cent, of zinc, 400 c.c. are taken, if less than 10 per cent., 
600 c.c., and in the case of those containing over 55 per cent, only 100 
to 1 50 c.c. are taken for the precipitation with sulphuretted hydrogen. 
The solution is warmed in an Erlenmeyer flask, a rapid current of 
sulphuretted hydrogen passed in for ten minutes, then acidified with 
acetic acid, again gently warmed, and the precipitate filtered on to a 
weighed Gooch crucible, using suction. 

The Gooch crucible is prepared as follows : — The filter disc is 
removed, the crucible firmly inserted in the rubber ring, fitted on 
to the filter flask, and the suction pump started. The crucible is then 
one-third filled with water containing fine fibrous asbestos in suspension 
(the asbestos having been previously boiled in dilute hydrochloric add). 
The layer of asbestos is pressed down firmly with the finger, especially 
at the edges, until the noise of the air sucking through is no longer 
perceptible. The filter disc is then laid on, the crucible dried slowly, 
ignited over a spirit lamp, and weighed when quite cold (cf. Vol. I., p. 25). 

Special care should be taken in the filtration to first filter the liquid 
above the precipitate, and then to bring the zinc sulphide into the 
crucible at one operation ; otherwise the pores become clogged and 
the filtration is considerably interfered with. Afjer the liquid has 
been completely transferred the precipitate is washed seven to eight 
times with dilute sulphuretted hydrogen water, by filling the crucible 
up to the edge, allowing to drain, and filling up again, and so on. The 
crucible is then lifted out, cleaned externally, thoroughly dried, a little 
powdered sulphur added, and then ignited in a current of hydrogen. 
ZnSx 0*6709 = Zn. 

In case the ore contains copper, cadmium, or arsenic, in weighable 
quantities, these are removed in the original hydrochloric acid solution 
by means of sulphuretted hydrogen, the sulphuretted hydrogen and 
ferrous chloride in the filtrate oxidised, and then ammonia added. If 
over 10 per cent, of lead is present, or less lead together with relatively 
little iron, it is separated by evaporating the solution with sulphuric acid, 
etc., otherwise some lead will be found in the ammoniacal zinc solution. 

Volumetric Estimation of Zinc (Voigt). — Forty-six grams of pure 
crystallised potassium ferrocyanide are dissolved and the solution made 
up to 1 litre. For standardising, 12*4476 g. of chemically pure zinc 
oxide are dissolved in hydrochloric acid, the, solution diluted up to I 
litre, and stored in a well-stoppered bottle. One c.c. contains exactly 
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10 mg. of zinc. Ten c.c. are withdrawn with a pipette, io c.c. of a 
solution of tartaric acid (200 g. in 1 litre), 10 c.c. of a ferric chloride 
solution (60 g. in 1 litre), and 100 c.c. of water added, ammonia added 
in slight excess, and the solution titrated with the solution of potassium 
ferrocyanide, until a permanent blue colour is produced on removing 
a drop and adding it to acetic acid (1 : 3) on a pitted porcelain plate. 
After carrying out the preliminary and control titrations, the solution of 
potassium ferrocyanide is diluted so that 1 c.c. corresponds accurately 
to 10 mg. of zinc. 

For the estimation, 1 g. of the finely ground ore, dried at ioo°, is 
warmed with 10 c.c. of fuming hydrochloric acid until all the 
sulphuretted hydrogen is completely driven off, 3 c.c. of fuming nitric 
acid are then added, and the solution considerably evaporated, but not 
quite to dryness. Ten c.c. of the solution of tartaric acid are then 
added, also 10 c.c. of the ferric chloride solution, if necessary, the 
solution made slightly ammoniacal, diluted with water to 100 to 120 
c.c., and titrated as above. 

♦ Lead and Iron . — Five grams of the finely ground and sieved ore 
are dissolved in hydrochloric acid and fumingf nitric acid, 10 c.c. of 
distilled sulphuric acid added, and the solution boiled till white 
sulphuric acid fumes are evolved. The cooled mass is moistened with 
75 c.c. of water, and then boiled and cooled. The separated lead 
sulphate, together with the gangue, is filtered off, washed, and the filter 
paper with its contents digested in a beaker with a concentrated 
solution of sodiurn acetate or neutral ammonium acetate so as to 
dissolve the lead., sulphate. The solution is then filtered through a 
smooth filter paper which is well washed with water containing acetate, 
the lead in the filtrate precipitated with potassium bichromate, and 
after settling, the precipitate filtered off on to a Gooch crucible and 
washed ten times with warm water. The crucible is then removed from 
the filter-flask, cleaned externally and dried, first in an air-bath, and 
finally over a spirit lamp at about 20 0°. PbCr 0 4 x 0-6408 = Pb. 

The iron is determined in a twentieth part of the filtrate from the lead 
sulphate and gangue, by reducing with zinc (amalgamated small rods 
of zinc suspended m a basket of platinum) after the addition of 
sulphuric acid, testing with potassium thiocyanate, and titrating the 
cooled solution, acidified with sulphuric acid, with potassium per- 
manganate. 

2. For Metallic Zinc ( Crude Zinc , Spelter, and Zinc Dust). 

(a) Crude Zinc . — This invariably contains lead, some iron, cadmium, 
suspended carbon, and traces of sulphur as impurities; in addition, 
small quantities of tin, copper, silver, and arsenic are frequently present, 
traces of antimony and silicon being rarely found. Larger quantities of 
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silicon (several tenths per cent.) have up to the present only been found 
in a few kinds of North American zinc. 

In smelting works only the lead and iron are usually determined 
Five grams of the cut-up borings from several plates are warmed in 
a covered porcelain dish with 50 c.c. of dilute sulphuric acid (1 : 4), and 
after the evolution of hydrogen has ceased 1 c.c. of nitric acid (sp. gr. 
1-2) is added. The solution is evaporated and heated on the sand-bath 
until sulphuric acid fumes are copiously evolved, after which the cooled 
residue is heated for some time on a boiling water-bath with 50 c.c. of 
water, the solution then cooled, the lead sulphate collected on a small 
filter paper, and determined in the usual way. To an aliquot part of the 
filtrate (100 c.c.), 5 c.c. of ordinary 25 per cent, hydrochloric acid is added, 
and sulphuretted hydrogen passed in ; the cadmium sulphide thus pre- 
cipitated may be determined as described below. For the estimation 
of the iron, 5 to 10 g. of the drillings are dissolved in hot, dilute 
sulphuric acid, the solution decanted off from undissolved lead, and 
the iron titrated in the cooled solution with potassium permanganate. 

( b ) Commercial Zinc ( Refined Zinc ). — This contains the satne 
impurities as crude zin"c in smaller quantities. The following method 
of F. Mylius and O. Fromm 1 gives very good results : — Two 
hundred c.c. of water are poured over 100 g. of an average sample in 
a flask of about 2 litres capacity, and the amount of nitric acid necessary 
for solution added in several portions, finally heating. The solution 
is then cooled, an excess of ammonia added until all the zinc 
hydroxide is redissolved, diluted to about 2 litres, and very dilute 
ammonium sulphide solution added in small quantjties, shaking the 
solution round during the addition, until the freshly-formed precipitate 
appears white, like pure zinc sulphide. On warming the solution 
to 80°, the precipitated zinc sulphide is quftkly decomposed by 
the other metallic salts, so that all the lead, cadmium, copper, silver, 
and bismuth pass into the precipitate. When the solution has 
cleared, it is filtered; on adding ammonium sulphide to the filtrate, 
pure white zinc sulphide is precipitated perfectly free from lead, 
cadmium, etc. The precipitate is then dissolved off the filter 
paper in hot dilute hydrochloric acid, whereby aRiy copper and silver 
present as sulphides remain undissolved, and may be separated 
and determined in the usual way. The hydrochloric acid solution is 
evaporated with excess of sulphuric acid to separate the lead, the 
residue taken up with water, some alcohol added, and the lead sulphate 
filtered off. The alcohol in the filtrate is removed by evaporation, the 
solution neutralised with ammonia, 10 c.c. of 25 per cent, hydrochloric 
acid (sp. gr. 1-125) added for every 100 c.c. of liquid, and the cadmium 
precipitated, free from zinc, as cadmium sulphide by passing in 

1 Z. anal , Chem 1897 , 36 , 3 7 , 
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sulphuretted' hydrogen for a long time. The precipitate is filtered off, 
dissolved in hot nitric acid (sp. gr. 1*2), the solution evaporated in a 
weighed porcelain crucible with a slight excess of sulphuric acid, the 
free sulphuric acid driven off, the residue gently ignited, and weighed 
as cadmium sulphate. CdS 0 4 X 0*5392 = Cd. 

The sulphuretted hydrogen is expelled from the filtrate from the 
cadmium sulphide by boiling, the iron oxidised with bromine water, 
the solution saturated with ammonia, the ferric hydroxide filtered off, 
and dissolved in a little hydrochloric acid. This hydrochloric acid 
solution (which contains zinc) is diluted, saturated with ammonia, 
warmed, and the pure hydroxide obtained filtered off and finally 
weighed as ferric oxide. 

Sulphur, arsenic, and antimony are determined by O. Gunther’s 
method. 1 One hundred grams of drillings obtained by completely boring 
through several plates, are placed in a large flask, the air in which is 
then completely driven out with a current of pure hydrogen, absolutely 
pure dilute sulphuric acid run in, and the evolved gas passed first 
thrdugh a wash-bottle containing cadmium potassium cyanide solution, 
and then through a second wash-bottle containing silver nitrate solution. 
When the evolution of hydrogen ceases, pure hydrogen is led into the 
flask for some time through the funnel tube which passes to the bottom 
of the flask and which is bent up at the end. In the first wash-bottle 
all the sulphur separates as cadmium sulphide, which is filtered off and 
converted into cadmium sulphate (see above) and weighed. In the 
second wash-bottle silver antimonide and metallic silver separate, whilst 
all the arsenic is. £1 solution as silver arsenite. These decompositions 
take place in accordance with the equations : — 

Sbff 3 -f* 3 AgN 0 8 + aq — Ag 3 Sb -f- 3HN0 3 -{-aq, 
and 2AsH 3 + i 2 AgN 0 8 + 3 H 2 0 = i2Ag+ 12HNO3 + As 2 O s . 

The precipitate (silver and silver antimonide) is filtered off, dissolved 
in nitric and tartaric acids, the silver precipitated as chloride with 
hydrochloric acid, the antimony in the filtrate precipitated (after 
diluting and nearly neutralising) with sulphuretted hydrQgen, and finally 
determined as antimony tetroxide. The arsenic present may be 
calculated from the above equations, if from the total silver given by 
the weight of silver chloride, the silver present as combined with 
antimony, is deducted ; then i2Ag = 2 As. 

In case the zinc under examination should contain a high percentage 
of lead (1 to 3 per cent.), it is advisable to separate the antimony, 
perhaps also the arsenic, by ordinary gravimetric methods, since under 
such conditions the antimony is not completely evolved as hydride, on 
treatment with dilute sulphuric acid. The portion of the antimony in 
1 Z. cmal . Cliem t) 1881, 20, 503 ; J. Soc. Chem. Ind ,, 1882, I, 118. 
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combination with the zinc, appears to be evolved as hydride, whilst the 
remainder, in combination with the lead, remains behind with the 
residue of spongy lead. 

If arsenic only is to be estimated, io g. or more of the sample 
are oxidised by the addition, from time to time, of strong nitric 
acid, the solution evaporated, and the evaporation repeated with con- 
siderable quantities of pure hydrochloric acid. The solution is trans- 
ferred to a flask, pure fuming hydrochloric acid and ferrous sulphate 
added, and all the arsenic distilled off as arsenic chloride (p. 196). 
Prauss’ method (cf. Arsenic, Special Methods, 6 p. 279) may also be 
employed, in which case the sample is dissolved in pure dilute sulphuric 
acid. 

For the accurate determination of sulphur in zinc, it is advisable, 
according to Elliot and Storer, to dissolve the metal in hydrochloric 
acid prepared from a solution of pure calcium chloride and -oxalic 
acid. 

Tin is determined by digesting a large weighing of the sample with 
an insufficient quantity of dilute sulphuric acid to effect complete 
solution, decomposing the residue, after washing by decantation, with 
strong nitric acid, and boiling after addition of water and filtering off the 
stannic acid. In spelter made by melting up old zinc several tenths per 
cent, of tin (from the solder) are frequently found. 

Silicon, which seldom occurs in spelter, is determined in the same 
way as in aluminium. A large weighing is dissolved in pure sodium 
hydroxide by warming in a platinum dish, the solution saturated with 
hydrochloric acid, evaporated to dryness, the silica Jrendered insoluble 
by prolonged heating of the residue to 150°, warmed with hydrochloric 
acid and water, the silica filtered off, washed with a large quantity of 
hot water, ignited, and, after weighing, treated with hydrofluoric 
acid and one drop of sulphuric acid, evaporated, the sulphuric acid 
evaporated off, the residue ignited, weighed, and the weight of pure 
silica estimated from the difference. Si0 2 x 0-4693 = Si. 

(^) Zinc Dust — Zinc dust consists of an intimate mixture of finely 
divided metallic zinc (up to over 90 per cent.) and zinc oxide, together 
with some cadmium, iron, lead, arsenic, small particles of ground ore, 
and carbon. In commerce a product containing a guaranteed content 
of 90 per cent, of metal is usually demanded. The real content of 
metallic zinc can only be arrived at by a complete analysis. For the 
technical analysis the reducing action of the zinc on chromic acid, ferric 
salts, etc., is determined, or the volume of the hydrogen evolved on 
treatment with dilute acids is measured. Of the many methods 
proposed, that of Drewson 1 is frequently employed; it depends on 
the reduction of chromic acid to chromium oxide by the action of dilute 

1 Zk qnah Chsm. % 1 88a, 19, 50- 
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sulphuric acid on zinc dust in presence of a measured quantity of a 
solution of potassium bichromate of known strength, and titrating back 
the excess of bichromate with a solution of ferrous sulphate. The 
equations representing the decompositions are : — 

K 2 Cr 2 0 7 4 - 3Zn 4 7 H 2 S 0 4 = Cr 2 (S 0 4 ) 3 4 3 ZnS 0 4 4 K 2 S 0 4 4 * 7 H 9 0 , 

and K 2 Cr 2 0 7 4 6 FeS 0 4 4 - 8 H 2 S 0 4 = Cr 2 (S 0 4 ) 3 4 3 Fe 2 (S 0 4 ) 3 4 2 KHS 0 4 4 7 H 2 0 . 

The potassium bichromate solution is prepared by dissolving 40 g. 
of the pure fused salt in 1 litre, and the ferrous sulphate solution by 
dissolving about 200 g. of the non-effioresced salt in 1 litre of dilute 
sulphuric acid (1 : 10). For determining the relation of the two solutions 
to one another, 20 c.c. of the iron solution are accurately measured out 
into a beaker, several c.c. of sulphuric acid and 50 c.c. of water added, and 
the bichromate solution run in from a burette until a drop of the iron 
solution when brought on to a drop of potassium ferricyanide on a 
porcelain plate shows no blue or green coloration. It is well to make 
a preliminary test with 20 c.c. of the iron solution by running in 1 c.c. 
of the bichromate solution at a time, stirring, taking a drop out, testing, 
etc., thereby arriving at the approximate amount of bichromate solution 
required ; or this may be calculated from the equation if pure ferrous 
sulphate or ferrous ammonium sulphate is used. 

For the estimation, 0-5 g. of zinc dust are introduced into a beaker, 
50 c.c. of the bichromate solution and 5 c.c. of dilute sulphuric acid (1 : 3) 
added, the mixture stirred round several times, a further 5 c.c. of dilute 
sulphuric acid added, and frequently stirred for a quarter of an hour. 
When all but a^iij|ht earthy residue is dissolved, 100 c.c. of water, 10 c.c. 
of distilled sulpifuric acid, and 25 c.c. of the ferrous sulphate solution are 
added, stirred round, and the ferrous sulphate solution run in from the 
burette, 1 c.c. at a time, stirring between each addition, until a drop of 
the solution gives a distinct blue coloration with the potassium ferro- 
cyanide. The solution is then titrated back w r ith the bichromate 
solution until the blue colour disappears. From the total amount of 
bichromate solution used, the number of cubic centimetres corresponding 
to the added ferrous sulphate is deducted ; the weight of potassium 
bichromate in the regaining amount of bichromate solution, multiplied 
by o-666i, gives the content of metallic zinc. Since the small quantities 
of metallic iron and cadmium present also reduce corresponding 
quantities of chromic acid, the content of zinc naturally always comes 
out too high. Arsenic is determined in zinc dust as in commercial zinc 
((£), P- 297)- 

G. Klemp 1 recommends an iodometric valuation of zinc dust. A 
small quantity of the zinc dust is dissolved by shaking up with an 
alkaline solution of potassium iodate, whereby a quantity of iodate 
1 Z, anal, Chem t> 1890, 29, 253 \J. Chem . Soq, Absir ., 1890, 58, 1190. 
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corresponding to the metallic zinc is reduced to iodide according to the 
equations : — 

iSZn + 3oKOH = isZn(OK) 2 + isH 2 , 
c 5 KI 0 8 +isH 2 = 5 KI+I 5 H 2 0 } 

SKI + KIO s + 3 H 2 S 0 4 = 3 K 2 S 0 4 + 3 H 2 0 + 6I. 

Therefore 6 I corresponds to 15 Zn, or 1 g. I to 1-2876 g. Zn. After 
the zinc dust has dissolved, the solution is acidified with sulphuric 
acid, the air driven out by carbon dioxide, the iodine set free distilled 
off, collected in an aqueous solution of potassium iodide, and titrated 
with sodium thiosulphate. 

A rapid method of valuation, due to Wahl, also depends on the 
reducing properties of zinc dust. One-half gram is shaken up with 
water till completely wetted, 15 g. of pure iron alum added, and again 
shaken up ; the contained ferric sulphate is reduced according to the 
equation : — 

Fe 2 (S 0 4 ) 3 + Zn - ZnS 0 4 + 2FeS0 4 . 

After the decomposition, 25 c.c. of sulphuric acid are added, the 
solution diluted, cooled, made up to 250 c.c., and the ferrous salt in 50 
c.c. titrated with permanganate, after the addition of potassium fluoride. 
It is advisable to pass carbon dioxide through the flask during the 
decomposition. 

R. Fresenius has proposed to determine the content of zinc from 
the volume of hydrogen evolved on treatment with acids, a method 
subsequently improved upon by Beilstein and Jawein. F. Meyer 1 has 
described a special apparatus for this determination. An azotometer 
(Vol. I., p. 125), nitrometer (Vol. I., p. 132), or gas volumeter (Vol. I., 
p. 138) may also be employed. A simpler apparatus has been devised 
by O. Bach. 2 In all these cases the volume of Jiberated hydrogen must 
be reduced to normal temperature and pressure and corrected for moisture. 
Taking the weight of 1 litre of hydrogen as 0*08998 g. and 65*37 as the 
atomic weight of zinc, the number of cubic centimetres of hydrogen 
evolved must be multiplied by 0*002918 in order to arrive at the weight 
of zinc contained in the zinc dust. It is to be borne in mind that in 
these methods the metallic impurities in the zinc dust (iron and 
cadmium) react like zinc itself. 

3. For Alloys. 

Alloys containing zinc (brass, tombac, etc.) are analysed by the 
methods given on pp. 216 et seq. Zinc alloyed with a little tin (up to 
5 per cent.) is frequently used for castings. For the analysis, 1 to 2 g. 

1 Z, angew . Chem, 1894 , 7, 231 , 435 ; /. Chem. Soc t Aosir ., 1894 , 66, 332 , 479 - 

2 Z. angew. Chem . , 1894 , 7, 291 ; /, Chem. Soc . Abstr t) 1894 , 66, 400 . 
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are' treated with strong nitric acid (which causes the tin oxide to 
separate in a more dense form than by using the usual acid of sp. gr. 
1-2), ioo c.c. of boiling water added, boiled for five minutes, the 
stannic acid filtered off, and further treated as in the ahalysis of 
bronze. 

Alloys of zinc and aluminium 1 are analysed as follows : — One-half 
gram of the drillings is dissolved in a beaker in 25 c.c. of a 25 per cent, 
sodium hydroxide solution, the contents of the beaker warmed until 
rapid evolution of gas takes place, and then allowed to stand until 
solution is complete. The solution is diluted to 300 c.c. with boiling 
water, and any undissolved iron, copper, lead, tin, or nickel allowed to 
settle. The clear liquid, which contains nearly all the zinc and aluminium, 
is decanted, and the residue washed twice by decantation. This 
residue is dissolved in hydrochloric acid, diluted to 20 c.c., neutralised 
with sodium hydroxide (1 : 10), and 2 c.c. of the latter added in excess. 
After warming, the precipitated hydroxides are filtered off and the 
filtrate and washings added to the main bulk of solution. The zinc is 
then precipitated by means of sulphuretted Ir^drogen, the treatment 
being continued until alumina begins to be precipitated with the zinc 
sulphide ; this point is easily recognised by the formation of a skin at 
the point where the bubbles of gas burst. The presence of a small 
amount of alumina (up to 10 per cent.) does not interfere with the 
ferrocyanide method of determination. 2 The zinc precipitate is allowed 
to settle, filtered, washed once only, and dissolved in 8 c.c. of hydrochloric 
acid (1 : 10), the solution diluted to 250 c.c. with boiling water, 5 g. of 
ammonium chloric^ added, and the zinc determined by the ferrocyanide 
method. 

Hard zinc, or zinc bottoms from the galvanising of iron, contain up 
to 6 per cent of iron and several per cent, of lead. For their analysis 
several grams of turnings are warmed in a flask with a large excess 
of dilute sulphuric acid (1 : 5) until the evolution of hydrogen ceases, 
the solution decanted off from the separated spongy lead, cooled,, and 
the contained iron titrated with permanganate. The lead is dissolved in a 
little nitric acid, the solution evaporated with sulphuric acid, and the 
lead determined in the usual way as lead sulphate. 

4. For Waste Zinc and Ashes. 

A large sample of waste zinc from the melting up of old zinc (fusion 
ashes), and of zinc ashes from the galvanising of iron (sal-ammoniac 
slags) is sieved into fine and coarse material, and the latter pounded in 
an iron mortar until the small pieces of metal are freed from the 

1 R. Seligman and F. J. Willott,./. Soc. Chem. hid 1905, 14, 1278. 

2 Miller and Hall, Columbia School of Mines Quarterly , 1900, 21 (iii.), 267. 
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covering of oxide. The ground-up material is sieved, the coarse and 
the fine, together with the previously sieved material, weighed separately, 
and proportionate weighings of each taken so as to give a working 
sample of* io g. The sample is dissolved in strong hydrochloric acid 
(in the case of ashes rich in lead it is better to use nitric acid), and the 
solution, without filtering, made up to I litre. In ioo c.c. of this solution 
lead and copper are precipitated with sulphuretted hydrogen ; the 
filtrate is boiled to expel the sulphuretted hydrogen, after cooling poured 
into a large beaker, several drops of Congo red solution added, and 
neutralised with ammonia until the solution turns a faint red. The 
solution is then diluted to 600 c.c. and sulphuretted hydrogen passed 
in to saturation (one and a half to two hours). After standing for 
several hours, the zinc sulphide is filtered off, further treated as given 
under Method I (p. 288), and finally weighed as sulphide. 

Determination of Chlorine in Sal-Ammoniac Slags. — An average 
sample of 5 g. is shaken up for some time in the cold with a large 
excess of dilute nitric acid (one volume of acid of sp. gr. 1*2 diluted 
with one volume of w^ter), the solution filtered into a 500 c.c. flask, the 
flask filled up to the mark, 100 c.c. of the solution taken, and precipitated 
with an excess of silver nitrate. The silver chloride is finally weighed 
as such and the content of chlorine calculated. AgCl x 0*2474 = CL 

Zinc - White Residues consist of coarse particles of zinc oxide together 
with a little metal and sand. One gram is dissolved in hot hydro- 
chloric acid and a few drops of nitric acid, the solution saturated with 
ammonia, heated, filtered, and one-fifth of the filtrate titrated with 
sodium sulphide, or after acidifying with hydr^hloric acid, with 
potassium ferrocyanide solution. 

Residues and Flue dust are analysed in the same way as ores ; flue 
dust generally contains considerable quantities of lead oxide, lead 
sulphate, etc., in addition to zinc oxide. 


CADMIUM 

• * t 

Greenockite , CdS, is the most important of the few cadmium 

minerals known; it contains 77*6 per cent of cadmium, is most 
frequently met with as a yellow earthy deposit on zinc blende, and 
is of no technical importance ; cadmium is found much more frequently 
as sulphide or carbonate in zinc ores which contain from traces up 
to 6 per cent. The metal is prepared at zinc smelting works as a 
by-product in the production of zinc, from zinc fume, from the zinc 
dust collected in the early stages of the distillation, and from flue dust, 
and is purified by distillation. 
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A. Methods of Estimation 

. i. Gravimetric Estimation of Cadmium. 

When precipitated from moderately acid solutions with sulphuretted 
hydrogen, cadmium sulphide, if free from sulphur, may be collected on 
a weighed filter paper, and after drying at ioo°, weighed as such. 
According to T. Fischer, 1 it is precipitated quantitatively, free from zinc, 
from solutions which contain io c.c. of ordinary 25 per cent hydro- 
chloric acid (sp. gr. 1*125) and 1 g. of crystallised cadmium sulphate 
per 100 c.c. Cadmium is best determined as sulphate by dissolving 
the cadmium sulphide in hot dilute nitric acid, evaporating the solution 
in a weighed crucible with a slight excess of sulphuric acid, driving 
off the sulphuric acid, and igniting the residue moderately strongly. 
CdSO* 4 x 0-5392 = Cd. 

Separation of Cadmium from other Metals ( cf also the Analysis of 
Commercial Lead, p. 229; Wood’s Metal, p. 253 ; and Spelter, p. 296). — 
Any lead present is separated as sulphate ; if the solution, containing 
ten to thirteen volumes per cent, of hydrochloric acid (see above), is pre- 
cipitated with sulphuretted hydrogen and the washed precipitate treated 
with ammonium sulphide, only copper and bismuth are left to be 
separated from the cadmium. The sulphides are dissolved in hot, 
dilute nitric acid, the solution evaporated, the bismuth separated as 
oxychloride, cadmium and copper precipitated in the filtrate from the 
bismuth oxychloride with sulphuretted hydrogen, and small quantities 
of copper dissolved out of the precipitate by means of warm potassium 
cyanide solution. If much copper is present, the precipitate is dissolved 
in nitric acid, the solution evaporated, and the copper deposited 
electrolytically from the golution containing over 5 per cent of sulphuric 
acid ; or, the nitric acid solution is neutralised with potassium or sodium 
hydroxide, warmed with an excess of potassium cyanide, the cadmium 
precipitated as sulphide by the addition of a little ammonium sulphide 
solution, and finally estimated as cadmium sulphate. Cadmium is 
separated from large quantities of zinc, and smaller quantities of iron and 
manganese (solutions* of ores) by warming the solution, after the 
separation of the lead as sulphate, with a good excess of sodium 
hydroxide, diluting, cooling, filtering, washing the precipitate with water 
containing some sodium hydroxide, extracting the cadmium hydroxide, 
with ammonia, neutralising the ammoniacal solution, adding ten volumes 
per cent of hydrochloric acid, passing in sulphuretted hydrogen, in the 
cold, and thus precipitating pure cadmium sulphide, which is converted 
into sulphate. In solutions of common calamine containing much 
iron and aluminium, the lead is separated, the filtrate treated with 
1 Private communication to Prof. Pufahl. 
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sulphuretted hydrogen, the zinc sulphide containing cadmium sulphide 
dissolved in a measured quantity of hot hydrochloric acid, the solution 
diluted until it contains io volumes per cent, of hydrochloric acid, 
and then*pure cadmium sulphide precipitated by means of sulphuretted 
hydrogen. 

2. Electrolytic Estimation of Cadmium. 

Cadmium may be determined electrolytically from its solution in 
various electrolytes. A potassium cyanide solution is very largely used 
for this purpose. The cadmium from i g. of ore is first obtained as 
chloride or sulphate solution free from other metals, precipitated in 
acid solution by sulphuretted hydrogen, and the solution evaporated, if 
necessary, to ioo c.c. or less. A few drops of phenolphthalein solution 
are added, and then pure sodium or potassium hydroxide solution, until 
a permanent red colour is obtained. A concentrated solution of pure 
potassium cyanide is then added until the precipitated cadmium 
hydroxide is completely dissolved ; an excess must be avoided. The 
solution is diluted to ioo to 125 c.c., heated to 6o°, and electrolysed 
with a current of CD* 00 = oo4 to 006 ampere at 2*9 to 3-2 volts. The 
deposition is usually complete in from four to six hours ; when finished, 
the electrode is washed with hot water, then with alcohol, and finally 
dried at ioo° and weighed. The deposition can also be effected from 
a sulphate solution. 1 

B. Analysis of Zinc Ores and of Metallurgical 
Products containing Cadmium 

Ores , Zinc fume ) and Flue dust . — W. Minor 2 dissolves ores, etc., in 
hydrochloric acid or aqua regia ; the solution is^evaporated with excess 
of sulphuric acid to separate the lead, filtered, and sulphuretted 
hydrogen passed into the filtrate, whereby cadmium sulphide contain- 
ing zinc sulphide is precipitated. The precipitate is dissolved in hot 
hydrochloric acid, the sulphuretted hydrogen driven off, hot sodium 
hydroxide solution added, the solution boiled, the cadmium hydroxide 
filtered off, washed first with 1 per cent, sodiifin hydroxide solution, 
then with hot water, dried, the filter paper ashed in a Rose’s crucible 
at a moderate heat, the lid placed on, and oxygen led into the crucible, 
which is ignited to a dull red heat. The cadmium oxide remaining is 
weighed. CdO x 0-8754 = Cd. If the filter ash be heated too strongly, 
some cadmium may volatilise ; it is better, therefore, to dissolve the 
washed hydroxide in hot, dilute hydrochloric acid, evaporate the solution 

1 Cf. E. F. Smith, Electro-Analysis , p. 82 ; and Kallock and Smith,/. Arner. Chem.Soc, 1899, 

9 2 5* 

2 Chem. Zcit 1890, 14, 4, 34, 348 ; J. Chem. Soc. Absir 1891, 60, 112. 
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down in a weighed porcelain crucible with a slight excess of sulphuric 
acid, and estimate the cadmium as sulphate (p. 303). 

If sodium thiosulphate is added to a hot hydrochloric or sulphuric 
acid solution of a zinc ore and the solution boiled, no cadmium* sulphide 
is precipitated. 

Zinc dust — An average sample of from 20 to 40 g. is dissolved in a 
moderate excess of hydrochloric acid, the solution filtered, 50 or 100 c.c. 
of the filtrate (made up to 1 or 2 litres) taken, diluted to 300 to 500 c.c., 
sulphuretted hydrogen passed in, the precipitated cadmium sulphide, 
containing zinc, dissolved in a measured quantity of hot hydrochloric 
acid, the solution diluted so as to contain ten volumes per cent, of 
hydrochloric acid, pure cadmium sulphide precipitated with sulphuretted 
hydrogen, and weighed as sulphate as above. 

Crude Zinc and Spelter . — A large sample (50 to 100 g.) is warmed 
with insufficient dilute sulphuric acid to effect complete solution, the 
solution decanted off, the residue containing all the cadmium and lead 
dissolved in dilute nitric acid, the solution evaporated with a slight 
excess of sulphuric acid, the residue taken up % with water, and the 
lead sulphate filtered off; ten volumes per cent of hydrochloric acid 
(sp. gr. 1*125) are added to the filtrate, sulphuretted hydrogen passed in 
for one hour, the precipitate filtered off, and hot hydrochloric acid 
poured over the filter paper (whereby any copper sulphide present 
remains undissolved). The solution is diluted proportionately and pure 
cadmium sulphide precipitated by means of sulphuretted hydrogen, etc., 
or the hydrochloric acid solution is directly evaporated with sulphuric 
acid and the cadmium sulphate weighed. 

C. Metallic Cadmium 

The commercial metal generally contains about 99 per cent of 
cafdmitim ; the chief impurities are zinc, a little lead and iron, and less 
frequently copper. 

For the analysis, 2 g. are dissolved in a covered dish by warming 
with 50 c.c. of 10 per cent, sulphuric acid with the addition of some 
nitric acid, the solution evaporated, the residue taken up with water, 
the lead sulphate filtered off, and the copper deposited electrolytically 
from the filtrate in a large platinum crucible. The solution, freed from 
copper, is diluted in a beaker to about 400 c.c., 40 c.c. of hydrochloric 
acid (sp. gr. 1*125) added, sulphuretted hydrogen passed in for along 
time, until all the cadmium is precipitated as sulphide, which is filtered 
off and washed with dilute sulphuretted hydrogen water containing ten 
volumes per cent, of hydrochloric acid. The filtrate from the cadmium 
sulphide is evaporated to drive off the hydrochloric acid and most 
of the sulphuric acid, the cooled residue taken up with water, and 
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a slight excess of sodium carbonate added. The solution is boiled 
for ten minutes, the zinc carbonate containing iron filtered off and 
washed with hot water ; the filter paper is dried and the contents of the 
paper removed as completely as possible. The paper is then ignited 
in a weighed porcelain crucible, the zinc carbonate transferred to the 
crucible, ignited, and weighed. After weighing, the impure zinc oxide 
is dissolved in hydrochloric acid, the solution diluted, warmed to 
70°, potassium iodide added, cooled, and the free iodine titrated in 
presence of starch with a standard solution of sodium thiosulphate. 
The iron so determined is deducted, as Fe 2 O s , from the weight of impure 
zinc oxide. 


D. Cadmium Alloys 

The fusible alloys containing cadmium are analysed in the same 
way as Wood’s metal (cf Bismuth, p. 253). For some years pasf, much 
cadmium has been used in the preparation of a solder for aluminium. 
Traces of cadmium as well as of bismuth and tin may, therefore, 
frequently be found# in “old aluminium.” In the analysis of* the 
cadmium amalgams used in dentistry, the mercury cannot be deter- 
mined by distillation on account of the volatility of cadmium. One 
gram of the amalgam is dissolved in nitric acid, the solution evaporated, 
the residue taken up with dilute hydrochloric acid, the mercury pre- 
cipitated as mercurous chloride with phosphorous acid (phosphorus, 
trichloride and water), and after diluting the filtrate with water, the 
cadmium is precipitated as sulphide by passing in sulphuretted 
hydrogen, etc. 


NICKEL AND COBALT 

• 

These metals, which are so very similar in their chemical behaviour, 
are always found associated together, both in their ores and in the 
metallurgical products produced therefrom. By carrying out either a 
dry or wet assay, a mixture of the two, together with other elements, is 
also always obtained. Ores poor in copper yield very good results when 
carefully assayed by Plattner’s dry methods, 1 which are employed for 
the working assays in nickel and cobalt works. For the accurate 
determination of nickel, cobalt, and the other associated metals, and 
of the impurities, gravimetric methods are generally employed, and 
the two metals themselves are separated together electrolytically. 

Ores. — The most important ores are : — 

Kupfermckel , NiAs, containing 43-5 per cent, of nickel; the arsenic 
is largely replaced (up to 28 per cent) in many varieties by antimony. 

1 Of- Kerl, Metallurgist Probierkunst , 2nd ed., and Problerbuch, 3rd ed. : also Ricketts and 
Miller, Notes on Assaying, , 3rd ed., 1902, p. S4. 
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Chlor cent kite, NiAs 2 , containing 28-2 per cent, of nickel; nickel is 
frequently replaced by cobalt and iron (up to 17 per cent. iron). 

Nickel Blende, Hitlerite, NiS, containing 64-5 per cent, of nickel. 

Antimonial Nickel, NiSb, containing 32-2 per cent, of nickel. 
Antimonial Nickel Ore , Vllmanite , NiSbS, containing 27*35 per cent, 
of nickel. Arsenical Nickel Ore , NiAsS, containing 35*15 per cent of 
nickel. 

Nickel Magnesium Silicates , containing water. Rewdanskite, con- 
taining up to 18 per cent, of nickel. Garnierite , with up to 30 per cent, 
of nickel; and many similar silicates containing nickel. Magnetic 
pyrites , Iron pyrites , and Copper pyrites, containing nickel, are found in 
large quantities. 

Speiss Cobalt, Co As 2 , when pure containing 28 per cent, of cobalt, 
very frequently containing considerable quantities of iron and nickel. 

CoHalt Glance, CoAsS, containing 35*5 per cent, of cobalt, frequently 
with a high content of iron. 

Cobalt Nickel Blende, 2RS, 3R 2 S 3 (R = Ni, Co, Fe), containing 11 to 
40*7 per cent, of cobalt and 14*6 to 42-6 per cent, of nickel. 

Earthy Cobalt or Wad (CoMn)O, 2Mn0 2 4H 2 0, containing up to 15 
per cent, of cobalt. 

A. Separation of Nickel and Cobalt from other Metals 
and Combined Separation of both as Metals 

Finely ground ores, speisses, and mattes are dissolved in a flask by 
warming with aqua v regia (20 c.c. for 1 g. of substance), the solution 
boiled, the residue evaporated to dryness with hydrochloric acid, taken 
up again with dilute hydrochloric acid, and arsenic, antimony, copper, 
lead, bismuth, etc., precipitated by passing sulphuretted hydrogen for 
some time into the gently warmed solution. The solution of arsenical 
ores and speisses is previously repeatedly boiled with additions of 
sulphurous acid so as to reduce all arsenic oxide to arsenious oxide, 
and then treated with sulphuretted hydrogen; a previous roasting 
of such substances is also to be recommended, whereby the greater 
part of any arsenic, antimony, and sulphur present is removed. The 
powdered substance, spread out on a scorifying dish, is first roasted 
in a muffle to a dull red heat, the cooled, roasted material then mixed 
with an equal volume of powdered wood charcoal, the roasting again 
carried out at a higher temperature, and again repeated. 

Pyrites and mattes poor in nickel and cobalt are also first roasted 
“sweet,” if it is desired to treat their solution by Rothe’s method, 
P- 9* 

For the determination of any zinc present, the sulphuretted 
hydrogen in the filtrate from the sulphide precipitates is boiled off, 
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bromine water added, the cooled solution nearly neutralised in the 
presence of a few drops of Congo red solution, and the zinc pre- 
cipitated as sulphide by passing in sulphuretted hydrogen for a long 
time (cf. p. 288). The filtrate from the zinc sulphide is evaporated over 
a free flame, the iron oxidised in the concentrated solution with a little 
nitric acid, the cooled solution neutralised with sodium hydroxide or 
sodium carbonate solution, sodium acetate (six times the weight of the 
suspected iron content) added, the solution largely diluted with water, 
heated to boiling, and boiled for five minutes. The bulky precipitate 
containing all the iron and aluminium as basic acetates is filtered off 
and washed with hot water. Since the precipitate always retains some 
nickel and cobalt, it must be dissolved at least once and reprecipitated 
by boiling with sodium acetate after neutralisation; if the substance 
contains much iron, nickel may be detected in the filtrate after repre- 
cipitating four times. The combined filtrates are heated in a porcelain 
dish, and sodium hydroxide and bromine water added in excess. After 
the dark brown precipitate containing all the nickel, cobalt, and 
manganese has separated out, it is filtered off, washed with* hot 
water, dissolved in hot, dilute sulphuric acid to which some sulphurous 
acid is added, and the solution evaporated on the water-bath. If the 
manganese present does not amount to more than a few per cent, 
the solution is washed into a beaker of 200 c.c. capacity, a large 
excess of ammonia (30 to 50 c.c.) added, together with 30 c.c. of a cold, 
saturated solution of ammonium sulphate, 1 the solution of about 150 c.c. 
stirred, a platinum cone and spiral placed in the beaker, and the nickel 
and cobalt deposited electrolytically by means o£ a current of 2*8 to 
3-3 volts and 0*5 to 1-5 amperes per 100 sq. cm. of cathode surface, at 
the ordinary temperature. All the manganese separates as hydrated 
manganese dioxide, which floats about as a flocculent precipitate in the 
liquid and only adheres to the spiral to a very slight extent, 

A higher percentage of manganese interferes with the electrolysis. 
In this case the solution containing the sulphates of nickel, cobalt, and 
manganese (see above) is washed into a pressure-bottle of about 
500 c.c. capacity, neutralised with ammonia, ^0 c.c. of a solution of 
ammonium acetate, prepared by neutralising acetic acid with ammonia, 
and 20 c.c. of 50 per cent, acetic acid added, diluted to 300 to 400 c.c, 
sulphuretted hydrogen passed in for from one to two hours, the stopper 
screwed down, the bottle placed in a cold water-bath, and this latter 
heated to boiling within half an hour. Nickel and cobalt separate as 
black sulphides, which adhere to some extent to the sides of the bottle. 
The bottle is allowed to cool to about 50° in the water-bath, then taken 
out, the stopper removed, the sulphides filtered off, washed with water 

1 Fresenius and Bergmann s method, Z* anal . Chem l879> * 9 » 314; Fresenius, Quantitative 
Analysis , 7th ed., vol. ii., p. 304. 
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to which some acetic acid and sulphuretted hydrogen water is added, 
the sulphides washed off the filter paper into a porcelain dish, and the 
water evaporated off. The filter paper is ignited and the ash added to 
the contents of the dish, in which (after covering with a clock-glass) the 
sulphides of nickel and cobalt are dissolved by warming with strong 
nitric acid with the addition of a little hydrochloric acid. The sulphides 
remaining in the bottle are likewise dissolved in hot aqua regia, the 
solution washed into the dish, an excess of 50 per cent, sulphuric acid 
added, the solution evaporated, the residue taken up with water, the 
pale yellow separated sulphur filtered off, the filtrate saturated with 
excess of ammonia, a large quantity of ammonium sulphate (see above) 
added, and the nickel and cobalt then deposited electrolytically, using a 
cylinder, cone, dish, or crucible (cf. The Electrolytic Determination of 
Copper, p. 159). When from several decigrams up to 2 g. of nickel 
and co*balt are to be deposited, the solution is tested for complete 
deposition after six to twelve hours, according to the strength of current 
employed, by withdrawing 1 to 2 c.c. by means of a pipette, adding a 
few cubic centimetres of sulphuretted hydrogen water, and warming in 
a test tube; if no yellow or brown coloration is produced the 
deposition is complete. It is to be specially noticed that the complete 
deposition by means of the current is considerably hindered by the 
presence of small quantities of nitrates or chlorides in the solution. 
The washing is carried out without breaking the current The cathode 
is repeatedly washed with distilled water, finally with absolute alcohol, 
the dish or crucible dried on a boiling water-bath, the cylinder or cone 
over a heated dish, qmd the cathode weighed after cooling for half an 
hour. Pufahl considers the much-advocated use of ether for drying 
electrolytic metallic deposits as quite superfluous, especially as ether is 
an oxygen carrier. Electrolytically deposited nickel is purely metallic, 
and possesses a yellowish gray colour ; cobalt is of a darker gray colour, 
and, according to C. Winkler, 1 always contains some oxygen, up to 1 -88 
per cent, of the total amount of cobalt being deposited as hydrated 
cobaltic oxide. This does not appreciably influence the accuracy of the 
technical determination. 

When nickel and cobalt are deposited quickly by electrolysis, using 
a current of from 1 to 1*5 amperes, the solution becomes very hot and 
much ammonia is lost ; in order to prevent this, the crucible used as 
cathode, for example, is cooled by immersion in a platinum dish 
partially filled with water. 

The rapid electrolytic deposition of cobalt and nickel, using a rotating 
anode, is described by E. F. Smith. 2 Previous to the introduction of the 
electrolytic separation, nickel and cobalt were usually precipitated from 

1 Z. anorg, Chem., 1894, 8, I, 291 ; J Chem* Soc . Abstr.y 1895, 68, 167. 

2 Electro* Analysis^ pp. 126-133. 
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the solution of the sulphides by excess of pure sodium hydroxide, 
heating, and then adding chlorine or bromine water. The precipitates 
of the hydrates of the sesquioxides were collected on an ash-free filter 
paper, p&rsistently washed with hot water, dried, the filter paper 
ignited in a small platinum crucible exclusively used for the purpose, 
and then the oxides added and reduced by prolonged, strong ignition 
in a current of hydrogen. Since it is impossible to prevent some 
alkali being retained by the precipitate, the spongy metal must be 
extracted with hot water and then dried in an air-bath. 

The accurate determination of nickel and cobalt in substances rich 
in iron is especially tedious, since, even in very dilute solutions, the 
precipitate of basic ferric acetate (or sulphate) carries down with it 
considerable quantities of nickel and cobalt, and does not separate in a 
pure condition (eg, in the analysis of nickel steel) until after the fourth 
or fifth precipitation. This great inconvenience is completely overcome 
by the use of J. Rothe’s ether method (p. 9). The method requires 
the presence of all iron as ferric chloride in concentrated hydrochloric 
acid solution. The filtrate from the sulphuretted hydrogen precipitates 
is evaporated, oxidised with nitric acid, evaporated on the water-bath, 
the evaporation repeated with 30 to 50 c.c. of hydrochloric acid, the 
syrupy liquid brought into the Rothe’s extraction apparatus, and the dish 
washed out three times with small quantities of pure hydrochloric acid 
of sp. gr. x - 1 (20 per cent.). If the substance contains a high percentage 
of iron (eg., pyrites or magnetic pyrites poor in nickel), for every 
gram of iron assumed to be present, 6 c.c. of fuming hydrochloric 
acid saturated (by shaking whilst cooling) with ether are added ; in the 
case of a moderate percentage of iron, this addition is not necessary. 
Seventy-five to one hundred c.c. of alcohol-fcee ether are then run 
in, the apparatus cooled under the tap, violently shaken, and then 
allowed to remain still for five minutes. All the iron (excepting 1 to 
2 mg.) goes into the ether, and nickel, manganese, aluminium, and practi- 
cally all the cobalt into the aqueous hydrochloric acid solution. After 
running off the aqueous hydrochloric acid solution, the etherial ferric 
chloride solution in the top bulb is repeatedly shaken up with 10 c.c. of 
hydrochloric "acid of sp. gr. M, saturated with efher, and by this means 
all the cobalt is extracted in a short time. In order to remove the 
small amount of ferric chloride retained by the aqueous hydrochloric 
acid solution in the lower bulb, the solution is shaken up with 75 to IOO 
c.c. of ether. It is then run out into a shallow porcelain dish (15 cm. in 
diameter), an excess of 50 per cent, sulphuric acid added, gently warmed 
on the water-bath (quarter of an hour) to drive off the dissolved ether, 
evaporated, the evaporation repeated with the addition of several cubic 
centimetres of water, the residue taken up with water, excess of ammonia 
and ammonium sulphate added, and the solution electrolysed as above. 
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If the substance contains much manganese, aluminium, and 
magnesium, as well as some zinc, it is well to precipitate the aluminium 
by boiling with sodium acetate ; in the filtrate, to which some ammonium 
acetate and acetic acid are added, nickel and cobalt are precipitated as 
sulphides in a pressure bottle as described above. Any zinc sulphide 
precipitated with the nickel and cobalt is dissolved by treating the 
sulphides with hot, dilute hydrochloric acid, to which some sulphuretted 
hydrogen water is added ; the pure sulphides of nickel and cobalt are 
then dissolved in aqua regia, the solution evaporated with excess of 
sulphuric acid, and finally electrolysed. 

According to an old method, due to Mackintosh, 1 which is sufficiently 
accurate for technical purposes, the nickel and cobalt in substances 
either poor or rich in iron are determined by adding a slight excess of 
ammonia to the hydrochloric acid filtrate from the sulphuretted 
hydrogen precipitate, then adding a considerable quantity of ammonium 
sulphide, warming, and then digesting for some time with a large excess 
of 5 per cent, hydrochloric acid ; the sulphides of iron, zinc, manganese, 
and* traces of nickel and cobalt sulphides are dissolved, together with 
alumina. The residue (sulphides of nickel and cobalt with a little 
iron sulphide), after being washed with sulphuretted hydrogen water, 
slightly acidified with hydrochloric acid, is dissolved in aqua regia, the 
solution evaporated with sulphuric acid until fumes are evolved, the 
residue taken up with water, ammonia added, and nickel and cobalt 
deposited electrolytically. 

In ores containing a high percentage of manganese, W. Witter 2 
determines the nickel and cobalt as follows Iron and aluminium are 
precipitated as usual as basic acetates in the combined filtrates, and 
nickel, cobalt, and manganese by warming with sodium hydroxide and 
bromine water ; the latter precipitate is then dissolved, and the solution 
electrolysed. When most of the nickel and cobalt (after several hours) 
is deposited, the cone is washed, dried, and weighed. The solution is 
warmed in a beaker with the addition of hydrochloric acid until 
all the hydrated manganese dioxide has dissolved, ammonia and 
ammonium sulphide added, again warmed, acidified with 5 per cent, 
hydrochloric acid (which dissolves all the manganese ‘Sulphide), and 
filtered, etc., as above. By this means all the nickel and cobalt 
retained by the manganese dioxide is separated, which is not the case 
even by very prolonged electrolysis. 

1 Chem . News , 1887, 56, 64. 2 Private communication to Prof. PufabJ. 
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B. Separation of Nickel from Cobalt 1 


i. QUANTITATIVE SEPARATION AND DETERMINATION OF 
* COBALT 


(a) By Potassium Nitrite (Fischer and Stromeyer). 

The electrolytic deposit of the two metals is dissolved off the 
electrode in hot, dilute nitric acid (one volume of acid of sp. gr. 1-2 to 
three volumes of water), and the solution evaporated in a porcelain dish 
on the water-bath. The residue is taken up in a few cubic centimetres 
of water, 5 g. of potassium nitrite added (in cold, saturated aqueous 
solution), and then acetic acid until nitrous acid is evolved. The 
cobalt separates as brownish yellow potassium cobaltinitrite; the 
precipitation is complete after standing about twenty-four hours. The 
cobalt compound is then filtered off, washed with a cold, saturated 
solution of potassium sulphate, dissolved in hot, dilute sulphuric acid, 
the rose-red solution evaporated on the water-bath, washed into a large 
platinum crucible, a large excess of ammonia added together with a 
considerable quantity of ammonium sulphate, the cobalt deposited 
electrolytically, and the nickel estimated by difference. If nickel and 
cobalt have been determined by the reduction of the sesquioxides in 
a platinum crucible, the spongy metals are shaken out, dissolved, etc., 
and the crucible again weighed ; by strong ignition in hydrogen, some 
nickel and cobalt alloy superficially with the platinum. This method 
is suited to all cases, especially when much cobalt is present together 
with a little nickel. 

The filtrate from the potassium cobaltinitrite may be heated with 
excess of hydrochloric acid, diluted, saturated with sodium hydroxide, 
bromine water added, and the solution warmed so as to precipitate the 
nickel as the hydroxide, which is washed, dried, and reduced in 
hydrogen ; or, the precipitate is dissolved in dilute sulphuric acid and 
aqueous sulphurous acid, evaporated, and the pure nickel deposited 
electrolytically. -* 


(b) By Nitroso-/3-Naphthol (M. Ilinski an<! G. von Knorre 2 ). 

Nitroso-/3-naphthol forms compounds with nickel and cobalt, the 
cobalt compound, cobalti-nitroso-/3-naphthol [C 10 H 6 O(NO)] 3 Co, being 
insoluble in dilute hydrochloric acid. The solution of the two metals 
in dilute nitric acid is evaporated down with a slight excess of sulphuric 


1 Cf. C. Krauss, Z. anal. Chem., 1891, 30, 227 ; /, Chem. Soc. Ahstr., 1891, 60, 1139. This 
paper contains a summary and critical examination of methods for the separation and estimation 
of cobalt and nickel. 

2 Be ^ 1885, 18, 699 ; J. Soc. Chem. Ind. , 1885, 4, 370; Cf. also Chem. Zeit., 1895, 10, 1421 : 

Soc. Chem. Ind., 1896, 15, $r, yt * 
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acid, and the nitric acid completely driven off. The residue is dissolved 
in water, 5 c.c. of ordinary hydrochloric acid added, the solution warmed, 
and a freshly prepared hot solution of nitroso-/ 3 -naphthol in 50 per 
cent acetic acid added until after the precipitate has subsided, a fresh 
addition of the solution produces no further precipitate. After digest- 
ing for several hours at a gentle heat, the very bulky precipitate of the 
cobalti-compound and much nitroso-/ 3 -naphthol is filtered off, washed 
first with cold, then with warm 12 per cent, hydrochloric acid, and 
finally with hot water. The filter is then folded together, placed 
in a weighed platinum crucible, the lid placed on, and the crucible 
heated with a large Bunsen burner. When no more combustible 
gases are evolved, the lid is removed, the crucible placed in a 
slanting position, and the difficultly combustible coke-like carbon 
completely ignited away ; this requires from half an hour to an hour. 
If cafe be taken to give good access of air, the cobalt is left behind as 
tri-cobaltic tetroxide, Co 3 0 4 , of a black colour ; reducing gases from the 
burner may cause considerable quantities of cobaltous oxide, and even 
of fnetallic cobalt to be formed. Co 3 0 4 x 0-7343 = Co. 

The method gives excellent results ; on account of the bulkiness of 
the cobalti-compound, large quantities of cobalt are best precipitated 
according to the nitrite method. 

. 2. QUANTITATIVE SEPARATION AND DETERMINATION OF 

NICKEL 

(a) By Dimethylglyoxime. 

This method is^described under “Nickel” in the section on “Iron,” 
this volume, Part i., p. 66. 

(b) By Dicyanodiamidine. 

This method is also described under “Nickel” in the section on 
“ Iron,” this volume, Part I., p. 67. 

3. DETECTION OF COBALT 

To the hydrochloric acid solution free from nitricf-^cid, an equal 
volume of alcohol is added, the solution warmed, freshly prepared 
nitroso-/3-naphthol solution added, and the solution boiled when the 
purple-red cobalti-nitroso-/3-naphthol separates ; very small traces are 
only precipitated after standing for some time. Any brown nitroso- 
/3-naphthol which separates may be dissolved by warming with 50 per 
cent acetic acid. 

'4- DETECTION OF NICKEL 

To the ammoniacal O cobalt solution containing nickel, ammonium 
chloride and some sodium hypochlorite are added and the solution 
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warmed. The cobalt is rapidly oxidised, and is contained in the dark 
reddish yellow solution essentially as a luteo-salt. If potassium 
hydroxide be added to the cooled and diluted solution, a cloudiness due 
to the separation of nickelous hydroxide is produced if nickel be 
present 

According to L. Tschugaeff, 1 dimethylglyoxime is the most delicate 
reagent for the detection of nickel. It is added to the neutral or 
slightly ammoniacal solution, which is then boiled for a short time ; a 
scarlet precipitate is formed, or, with only traces of nickel, a yellowish 
solution, from which the red precipitate separates on cooling. Distinct 
indications are obtained with solutions containing only I part of nickel in 
400,000 parts of water. 


C. Special Methods 

1. Ores, etc. 

0 ns and Speisses containing Arsenic and Antimony are dissolved 
either by warming with, nitric acid or with aqua regia, or (according *to 
Hampe) in nitric and tartaric acids ; the addition of tartaric acid is 
especially advisable if it is desired to carry out a complete analysis ; 
Hampe takes 30 c.c. of ordinary nitric acid, and 10 g. of tartaric acid 
for 1 g. of speiss, etc. For the determination of copper, nickel, and 
cobalt, it is advisable to first roast the substance, then to dissolve it 
in aqua regia, boil the solution, heat the residue gently with hydro- 
chloric acid, pass sulphuretted hydrogen in for a long time after 
diluting, and further treat the filtrate from the sulphuretted hydrogen 
precipitates as described above (p. 30/). If the substance contains a 
high percentage of iron, the Rothe method (p. g)Js applied. 

Pyrites containing Nickel, Magnetic Pyrites, *and Nickel Matte are 
likewise best roasted first, and the finely ground product dissolved in 
aqua regia, etc., as above. 

Garnierite and similar Silicates are either fused in a platinum 
crucible with three to four times the weight of potassium sodium 
carbonate and.^ome nitre, or with six times the weight of potassium 
hydrogen sulphate. The alkaline melt is lixiviated with water, evapor- 
ated to dryness with excess of hydrochloric acid, the silica rendered 
insoluble, the copper precipitated in the hydrochloric acid filtrate by 
means of sulphuretted hydrogen, and in the filtrate from the copper 
sulphide, aluminium, iron, manganese, calcium, and magnesium 
separated as described above (p. 310). The fusions obtained with 
potassium hydrogen sulphate and nitre are treated with water 
and hydrochloric acid, the silica filtered off, the copper precipi- 
tated in the filtrate with sulphuretted hydrogen, etc., as above. Very 
„ 1 I 9°5> 3 8 > 2 5 20 \ I $oc t Chem, Ind ti 1905, 24, 941, 
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finely ground garnierite may also be decomposed by boiling with 
hydrochloric acid, aqua regia, or 50 per cent sulphuric acid. The 
sulphuric acid or other solution to which sulphuric acid is added is boiled 
until fumes of sulphuric acid commence to be evolved, the co'oled mass 
then treated with water, filtered, the copper precipitated from the 
filtrate, etc. 

The sulphuric acid filtrate from the copper sulphide precipitate is 
boiled finally, with the addition of a few drops of bromine water, cooled 
transferred to a beaker, a large excess of ammonia added, and 
if necessary, also some ammonium sulphate, and nickel and coball 
deposited electrolytically on a cone. The considerable quantities ol 
earths and magnesia, as well as the manganese present, are without 
influence; if much iron is present, some may be deposited as metal 
together with nickel and cobalt. The nitric acid solution of the nickel 
and Cobalt is afterwards tested by saturating with ammonia, filtering ofi 
any ferric hydroxide which separates, which is weighed as ferric oxide 
and the calculated quantity of iron deducted. Fe 2 0 3 X 0-6994 = Fe. 

* Nickel Copper Matte. — (a) One to two grams of^the matte are dissolved 
in aqua regia, the solution boiled, the residue warmed with hydro- 
chloric acid, water added, again boiled, and the copper precipitated 
as sulphide with sodium thiosulphate. The sulphur dioxide is expelled 
from the filtrate from the copper sulphide by boiling, the ferrous sail 
oxidised, the cooled solution neutralised with sodium hydroxide, sodium 
acetate added, etc., as described above. If the matte contains lead 
the solution in aqua regia is evaporated with sulphuric acid, the residue 
taken up with water, the lead sulphate filtered off, the filtrate boiled 
sodium thiosulphafe added, etc., as above. 

(J?) One to two grams are roasted, the product dissolved in aqua regia 
the solution evaporated down, the evaporation repeated with hydro- 
chloric acid (20 to 40 c.c.), the concentrated solution introduced intc 
Rothe's extraction apparatus (cf. p. 310), the solution containing 
copper, nickel, cobalt, and manganese evaporated with sulphuric acid 
and the copper deposited electrolytically ; the solution, free from copper 
is then evaporated to drive off the nitric acid, the residue dissolved ir 
water, saturated wit!? ammonia, and the nickel and cobalt depositee 
electrolytically. Any zinc present is precipitated with sulphurettec 
hydrogen, after neutralising the solution from the copper depositor 
with ammonia, making just acid with sulphuric acid, and diluting 
Small quantities of lead are found with the copper, nickel, and cobalt 
and are separated by evaporating with sulphuric acid ; if the leac 
amounts to more than several tenths per cent, it is better to precipitate 
the copper and lead together from the diluted hydrochloric acic 
solution by means of sulphuretted hydrogen, and then to separate the 
sulphides in the usual way (lead as sulphate and copper electrolyticall] 
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as metal), drive off the sulphuretted hydrogen from the filtrate from the 
sulphides, oxidise, evaporate, and extract the concentrated solution with 
ether. 

Slags (e.g., from the refining of copper containing nickel, etc.) are 
decomposed with aqua regia, the solution evaporated, the filtrate from 
the silica treated with sulphuretted hydrogen, the sulphides filtered off, 
the sulphuretted hydrogen boiled off from the filtrate, which is then 
oxidised, neutralised with sodium hydroxide, and the iron and 
aluminium precipitated in the usual way. The nickel and cobalt in 
the filtrate are precipitated as the hydroxides with sodium hydroxide 
and bromine, the hydroxides dissolved, and the metals deposited 
electrolytically in presence of manganese. 

Smalts . — One gram of the fine powder is stirred up in a platinum 
dish with 5 c.c. of 50 per cent, sulphuric acid, about 20 c.c. of 
hydrofluoric acid added, gently warmed for one hour on the water- 
bath, then evaporated, and heated on a sand-bath until sulphuric acid 
fumes are evolved. The cooled residue is taken up with water, any 
separated lead sulphate filtered off, and sulphuretted hydrogen passed 
into the filtrate, whereby copper, arsenic, and bismuth may be 
precipitated. After boiling off the sulphuretted hydrogen from the 
filtrate, the iron is oxidised with nitric acid and subsequently pre- 
cipitated as basic acetate together with the aluminium. Cobalt (nickel 
and manganese) is precipitated from the filtrate with sodium 
hydroxide and bromine water, the hydroxides washed, dissolved in 
dilute sulphuric acid containing some sulphurous acid, and after 
evaporating, etc., the cobalt and nickel deposited electrolytically. The 
flocculent precipitate of hydrated manganese dioxide is collected on a 
filter paper, dried, the paper ignited, and the # strongly ignited tri- 
manganic tetroxide weighed. Cobalt and nickel are dissolved from 
the cathode and separated by means of potassium nitrite according 
to method a (p. 312). 

Sulphur is determined in ores, mattes, and speisses by Hampe’s 
method (p. 195). 

2. Commercial Nickel. 

The metal comes on to the market as a fritted spongy mass in the 
form of small cubes and round cylinders about 30 mm. high and 50 mm. 
diameter, and in a fused condition in the form of anode plates and 
granulated metal, and also as granules from the Mond process. 

The impurities (iron, arsenic, sulphur, silicon, and carbon) amount 
usually to less than 1 per cent. ; cobalt, to the extent of usually about 
I per cent, but frequently in considerably larger quantities, is always 
present, whilst manganese finds its way into the metal through the 
refining processes, and is hardly to be considered as an impurity. Fused 
• nickel manufactured by the Fleitmann patents contains traces of 
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magnesium (about o-i per cent.). Tin is seldom met with; W. Witter 1 
found considerable quantities of tin in nickel cubes from Japan. Fused 
nickel may contain several per cent, of carbon and some silicon ; in the 
fritted metal the greater part of the carbon appears to be free. By the 
reduction of nickel oxide by means of flour, etc., the latter introduces 
into cube nickel small quantities of lime, alumina, alkalis, and sand. 

Nickel-copper containing up to 30 per cent, of copper, which cannot 
be distinguished by its colour from nickel, is prepared in some works for 
the manufacture of German silver, and comes on to the market in a 
granulated form. 

Analysis . — In the case of nickel cubes and small cylinders of nickel, 
small pieces are chipped off by means of a sharp chisel ; the granulated 
metal is used as such or the granules are divided by a chisel ; in the 
case of anode plates borings are taken. Tin is tested for by dissolv- 
ing about 1 g. of the metal in nitric acid in a large test tube, diluting 
with water, and boiling ; if tin is present, 5 g. of the metal are dissolved 
in a dish in 40 cc. of nitric acid (sp. gr. 1*4), treated as in the case of 
a bronze analysis (pp. 208 et seg.) y the stannic oxide ignited in a platinum 
crucible, and, after weighing, treated with hydrofluoric acid and one 
drop of sulphuric acid to remove any admixed silica. The filtrate 
from the meta-stannic acid is evaporated with excess of sulphuric acid 
and treated as described below. If the metal dissolves to a nearly clear 
solution in nitric acid, 10 g. are weighed out, treated in a covered 
porcelain dish with 70 c.c. of nitric acid (sp. gr. 1-4), and 10 c.c. of water, 
warmed on the water-bath until completely dissolved, 40 c.c. of 50 per 
cent, sulphuric acid added, the solution evaporated, and finally heated 
on a sand-bath until fumes of sulphuric acid commence to be evolved. 
The cooled residue is dissolved by heating on a boiling water-bath and 
stirring, and the silica (sand and some charcoal) filtered off. Fused 
nickel contains silicon. If the metal contains much copper, this is 
deposited from the sulphate solution electrolytically, after the addition 
of nitric acid. The filter paper, containing the silica is ignited 
in a weighed platinum crucible, the weighed silica gently warmed for 
a long time with hydrofluoric acid and one drop of sulphuric acid (sand 
dissolves but very sfowly), the solution evaporated, the sulphuric acid 
driven off, and the residue, consisting at most of a little ferric oxide, 
ignited and weighed. Sulphuretted hydrogen is passed into the warmed 
sulphate solution for a long time and the copper thereby precipitated as 
sulphide, which is dissolved in nitric acid, the copper deposited electro- 
lytically, and the electrolysis continued longer than necessary for the 
deposition of the copper, so as to see whether any arsenic is present. 
If only a few milligrams of copper are precipitated, the copper 
sulphide is roasted to oxide in a porcelain crucible, and weighed as such. 

1 Private communication to Prof. Pufahl. 
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as metal), drive off the sulphuretted hydrogen from the filtrate from the 
sulphides, oxidise, evaporate, and extract the concentrated solution with 
ether. 

Slags (eg., from the refining of copper containing nickel, etc.) are 
decomposed with aqua regia, the solution evaporated, the filtrate from 
the silica treated with sulphuretted hydrogen, the sulphides filtered off, 
the sulphuretted hydrogen boiled off from the filtrate, which is then 
oxidised, neutralised with sodium hydroxide, and the iron and 
aluminium precipitated in the usual way. The nickel and cobalt in 
the filtrate are precipitated as the hydroxides with sodium hydroxide 
and bromine, the hydroxides dissolved, and the metals deposited 
electrolytically in presence of manganese. 

Smalts . — One gram of the fine powder is stirred up in a platinum 
dish with 5 c.c. of 50 per cent, sulphuric acid, about 20 c.c. of 
hydrofluoric acid added, gently warmed for one hour on the water- 
bath, then evaporated, and heated on a sand-bath until sulphuric acid 
fumes are evolved. The cooled residue is taken up with water, any 
separated lead sulphate filtered off, and sulphuretted hydrogen passed 
into the filtrate, whereby copper, arsenic, and bismuth may be 
precipitated. After boiling off the sulphuretted hydrogen from the 
filtrate, the iron is oxidised with nitric acid and subsequently pre- 
cipitated as basic acetate together with the aluminium. Cobalt (nickel 
and manganese) is precipitated from the filtrate with sodium 
hydroxide and bromine water, the hydroxides washed, dissolved in 
dilute sulphuric acid containing some sulphurous acid, and after 
evaporating, etc., the cobalt and nickel deposited electrolytically. The 
flocculent precipitate of hydrated manganese dioxide is collected on a 
filter paper, dried, the paper ignited, and the c strongly ignited tri- 
manganic tetroxide weighed. Cobalt and nickel are dissolved from 
the cathode and separated by means of potassium nitrite according 
to method a (p. 312). 

Sulphur is determined in ores, mattes, and speisses by Hampe’s 
method (p. 195). 

2. Commercial Nickel. 

t 

The metal comes on to the market as a fritted spongy mass in the 
form of small cubes and round cylinders about 30 mm. high and 50 mm. 
diameter, and in a fused condition in the form of anode plates and 
granulated metal, and also as granules from the Mond process. 

The impurities (iron, arsenic, sulphur, silicon, and carbon) amount 
usually to less than x per cent. ; cobalt, to the extent of usually about 
I per cent, but frequently in considerably larger quantities, is always 
present, whilst manganese finds its way into the metal through the 
refining processes, and is hardly to be considered as an impurity. Fused 
nickel, manufactured by the Fleitmann patents contains traces of 
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magnesium (about 01 per cent). Tin is seldom met with ; W. Witter 1 
found considerable quantities of tin in nickel cubes from Japan. Fused 
nickel may contain several per cent, of carbon and some silicon ; in the 
fritted metal the greater part of the carbon appears to be free. By the 
reduction of nickel oxide by means of flour, etc., the latter introduces 
into cube nickel small quantities of lime, alumina, alkalis, and sand. 

Nickel-copper containing up to 30 per cent, of copper, which cannot 
be distinguished by its colour from nickel, is prepared in some works for 
the manufacture of German silver, and comes on to the market in a 
granulated form. 

Analysis . — In the case of nickel cubes and small cylinders of nickel, 
small pieces are chipped off by means of a sharp chisel ; the granulated 
metal is used as such or the granules are divided by a chisel ; in the 
case of anode plates borings are taken. Tin is tested for by dissolv- 
ing about 1 g. of the metal in nitric acid in a large test tube, diluting 
with water, and boiling ; if tin is present, 5 g. of the metal are dissolved 
in a dish in 40 c.c. of nitric acid (sp, gr. 1*4), treated as in the case of 
a bronze analysis (pp. 208 et seqi) y the stannic oxide ignited in a platinum 
crucible, and, after weighing, treated with hydrofluoric acid and one 
drop of sulphuric acid to remove any admixed silica. The filtrate 
from the meta-stannic acid is evaporated with excess of sulphuric acid 
and treated as described below. If the metal dissolves to a nearly clear 
solution in nitric acid, 10 g. are weighed out, treated in a covered 
porcelain dish with 70 c.c. of nitric acid (sp. gr. 1-4), and 10 c.c. of water, 
warmed on the water-bath until completely dissolved, 40 c.c. of 50 per 
cent, sulphuric acid added, the solution evaporated, and finally heated 
on a sand-bath until fumes of sulphuric acid commence to be evolved. 
The cooled residue is dissolved by heating on a boiling water-bath and 
stirring, and the silica (sand and some charcoal) filtered off. Fused 
nickel contains silicon. If the metal contains much copper, this is 
deposited from the sulphate solution electrolytically, after the addition 
of nitric acid. The filter paper containing the silica is ignited 
in a weighed platinum crucible, the weighed silica gently warmed for 
a long time with hydrofluoric add and one drop of sulphuric acid (sand 
dissolves but very sfowly), the solution evaporated, the sulphuric acid 
driven off, and the residue, consisting at most of a little ferric oxide, 
ignited and weighed. Sulphuretted hydrogen is passed into the warmed 
sulphate solution for a long time and the copper thereby precipitated as 
sulphide, which is dissolved in nitric acid, the copper deposited electro- 
lytically, and the electrolysis continued longer than necessary for the 
deposition of the copper, so as to see whether any arsenic is present. 
If only a few milligrams of copper are precipitated, the copper 
sulphide is roasted to o^ide in a porcelain crucible, and weighed as such. 

1 Private communication to Prof. Pufahl. 
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If arsenic is found to be present, the sulphate solution, free from 
nitric acid, prepared from io or 20 g. of the metal, is brought into a 
flask, s to 10 g. of ferrous sulphate, together with much pure fuming 
hydrochlofic acid, added, and the arsenic distilled off as chloride (cf 
p. 196). The filtrate from the copper sulphide is evaporated to drive 
off the sulphuretted hydrogen, cooled, and made up to 500 c.c. in a 
graduated flask. The nickel and cobalt from 100 c.c. of this solution 
(corresponding to 2 g.) are deposited on a cone electrolytically (p. 308), 
both metals weighed, the cobalt determined as tri-cobaltic tetroxide by 
Ilinski and von Knorre’s method (p. 312), the solution from the nickel 
and cobalt filtered, and any magnesium present precipitated by the 
addition of a few drops of aqueous phosphoric acid For the determina- 
tion of the iron and manganese, the remaining 400 c.c. (corresponding 
to 8 g. of metal) are diluted with 1 to 2 litres of water, the solution 
warmed in a water-bath, a large excess of ammonia added, the cleared 
solution syphoned off after several hours, and the precipitate collected 
on an iron-free filter paper and washed for a short time. It is then 
dissolved in hot, dilute hydrochloric acid, the solution largely diluted, 
again precipitated with ammonia, redissolved in hydrochloric acid, the 
diluted solution saturated with ammonia in a porcelain dish, warmed, 
filtered, the precipitate washed, dried, strongly ignited in a weighed 
porcelain crucible with good access of air, and the mixture of oxides of 
iron and manganese weighed. The oxides are then dissolved in 
hydrochloric acid, the solution evaporated on the water-bath, and the 
residue taken up with a few drops of hydrochloric acid and water. The 
ferric chloride thus obtained may be titrated with stannous chloride, or 
the solution may be evaporated with sulphuric acid, diluted with water, 
reduced with zinc, and the ferrous sulphate titrated with potassium per- 
manganate (cf pp. 29 et seq.). The ferric oxide thus found is deducted 
from the weight of mixed oxides, and the difference is tri-manganic 
tetroxide. If much iron and manganese are present, they are separated 
by the sodium acetate method, the manganese precipitated in the filtrate 
as dioxide, the iron precipitate again dissolved in hydrochloric acid, 
precipitated with ammonia, and finally weighed as ferric oxide. The 
manganese is weighed as tri-manganic tetroxide. * 

j Determination of Sulphur . — Ten grams are dissolved in pure nitric 
acid, the excess of acid evaporated off, twice evaporated to dryness 
with about 100 c.c. of pure hydrochloric acid, the residue taken up 
with hydrochloric acid and water, diluted to about 300 c.c., and the 
sulphur precipitated with barium chloride. 

Determination of Carbon . — The carbon (together with the sand) 
remaining after dissolving 10 g. of nickel cubes in nitric acid is collected 
on an asbestos filter, washed, the filter transferred to a porcelain boat, 
dried, the carbon oxidised in a porcelain tube, and the carbon 
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dioxide absorbed in potash bulbs C 0 2 x T 3 r = C. On account of the 
small content of carbon, this determination is seldom carried out 

Fused Nickel (anode plates, granules) may contain several per cent 
of carbon. Three grams of the finest possible drillings or granules are 
warmed in a beaker on a boiling water-bath with a concentrated 
solution of copper ammonium chloride (150 g. NH 4 C 1 .CuC 1 2 . 2 H 2 0 per 
500 c.c.) for twenty-four to forty-eight hours, or until the nickel is 
completely dissolved, and the residue collected on an asbestos filter 
and washed, etc., as above. The determination of the small quantities 
of aluminium, calcium, and alkalis which occur in nickel cubes offers 
no difficulties, but is very lengthy, and is, therefore, not carried out for 
commercial analyses. 

3. Metallic Cobalt. 

The metal comes into commerce as cubes, and contains only very 
small 'quantities of impurities (nickel, iron, copper, carbon, sand); it is 
of no technical importance, and, on account of its high price, is seldom 
used for the preparation of alloys. 

4. Nickel Alloys. 

The alloys to be considered are chiefly those with copper, such as 
coinage alloys, eg, German, containing 75 per cent, of copper, and 25 
per cent of nickel, alloys for bullet envelopes, containing about 80 per 
cent, of copper and 20 per cent, of nickel, and those with copper and zinc, 
such as German silver, argentan, nickelin, etc. 

Analysis . — One gram of drillings is dissolved in 10 to 15 c.c. of nitric 
acid (sp. gr. 1-2) in a covered porcelain dish on the water-bath, the 
solution evaporated with 5 c.c. of 50 per cent sulphuric acid, any 
lead sulphate (from the spelter) which separates filtered off, and the 
copper in the filtrate deposited electrolytically in a crucible or dish, 
after the addition of nitric acid. If it is desired to precipitate the 
copper as sulphide by means of sulphuretted hydrogen, the filtrate from 
the lead sulphate is diluted to about 300 c.c. and 30 to 50 c.c. of hydro- 
chloric acid (sp. gr. 1-124) added, so as to prevent the precipitation of 
zinc. If this addition is not made, the copper sulphide precipitate is 
first washed with hydrochloric acid to which some sulphuretted hydrogen 
water is added, and then with very dilute sulphuretted hydrogen 
water acidified with one drop of sulphuric acid. The filtrate is evapor- 
ated, the residual sulphate solution somewhat diluted, nearly neutralised 
with ammonia, diluted to 400 to 500 c.c., and sulphuretted hydrogen 
passed in for a considerable time (one to two hours) to precipitate the 
zinc as sulphide. The solution from the deposited copper is evaporated 
till the sulphuric acid begins to fume and thereby drives off all the nitric 
acid; the cooled residue i§ taken up with 100 c.c. of water, the solution 
neutralised in presence of a strip of Congo red paper until it just gives 
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a faint acid reaction, then largely diluted and the zinc precipitated with 
sulphuretted hydrogen (if. pp. 2.88 et set/.). The zinc sulphide is filtered 
off after twelve hours, and washed with dilute sulphuretted hydrogen 
water containing several grains of ammonium sulphate. The filtrate, 
after the addition of 5 c.c. of sulphuric acid to prevent separation of 
nickel sulphide on evaporation, is evaporated in a porcelain dish to 
about 100 c.c, the cooled solution washed into a 200-c.c. beaker, 50 c,c. 
of strong ammonia added, the solution then cooled, and the nickel and 
cobalt deposited electroiytically on a conical cathode. The iron and 
manganese are filtered off from the solution after electrolysis, and 
separated and determined as described under the analysis of nickel 
(pp. 316 et set].). Any hydrated manganese dioxide which adheres to 
the anode is removed by a glass rod, the end of which is covered with 
a piece of rubber tubing. A separation of nickel and cobalt is not 
necessary. 

German silver and similar alloys frequently contain some tin 
(added to improve the colour of the metal), which is recognised on 
dissolving the alloy in^nitric acid, diluting the solution, and boiling.’ It 
is determined as in the analysis of bronze (p. 208). Copper-nickel 
alloys, for parts of machinery, not unfrequently contain several per 
cent of aluminium ; in the analysis, the copper is first separated electro- 
lytically, the nitric acid removed from the solution from the copper, 
excess of ammonia then added, and the nickel also deposited by electro- 
lysis. The cloudy solution containing the aluminium hydroxide is then 
neutralised with acetic acid, diluted, boiled, the precipitate filtered ofif, 
washed, ignited, and the ferric oxide containing alumina weighed. The 
mixed oxides are fused in a platinum crucible vfith six times their 
weight of potassium hydrogen sulphate, the melt dissolved in hot, 
dilute sulphuric acid, the ferric sulphate reduceS with zinc, and the iron 
titrated with potassium permanganate. 

Silver-plated German Silver . — For the determination of the coating 
of silver, the well-cleaned articles (spoons, forks, etc.) are suspended by 
means of iron or platinum wrres, connected to the positive pole of a 
battery, in a^glass vessel filled with a 2 to 3 per cent, solution of 
potassium cyanide, and the silver deposited electroiytically on to a 
oif thin copper foil, which serves as the cathode. The desilverised 
arfe. removed from the . bath, excess of hydrochloric acid added 
tj||ii)b solution a , good fume.eupbpand on. account of the, evolution 

'aeluffQQ evaporated so; as to separate the 
;the copper foil, with the deposited silver, is dissolved 
l^flqltricaetd, and; the silver precipitated from the diluted solution with 
\ k slight excess of hydrochloric acid. 

■: f ; • The removal of the layer of silver by means of nitric acid is not 
possible, since silver from the solution is always re-deposited on the 
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alloy. The scraping off of the silver with suitable instruments is 
very tedious and gives low results, since the “amalgamation ” which 
precedes the silvering of German silvers rich in nickel eats somewhat 
deeper into the alloy than the electrolytically deposited silver. If 
the articles to be analysed may be destroyed, they can be completely 
dissolved in nitric acid, etc., or melted up in a crucible in a coke 
wind-furnace, an ingot cast and weighed, a weighed quantity of 
drillings from the ingot dissolved in nitric acid, and the silver 
determined in the resulting solution. 

5. Iron-Nickel Alloys (Nickel Steel). (Cf pp. 65 et seq .). 

6. Determination of the Nickel on Nickel-plated Iron Articles. 

The coating of nickel is dissolved off with hot, dilute nitric acid 
(one volume of acid of sp. gr. 1*2 to one volume of water), the solution 
evaporated to dryness, the evaporation repeated twice with hydrochloric 
acid, the nickel and iron separated by Rothe’s method, and the nickel 
determined electrolytically. - 

7. Determination of Nickel in Nickel-plating Baths. 

F. Lecoeuvre 1 titrates the nickel in the dilute ammoniacal solution 
with a 10 per cent, potassium cyanide solution (1 c.c. = 22 to 23 mg. 
Ni), which is standardised against a solution of pure nickel ammonium 
sulphate (containing 14*93 P er cent. Ni). A measured volume of the 
nickel solution is introduced into a flask, made slightly alkaline with 5 
per cent, ammonia, and the potassium cyanide solution run in from a 
burette, with continual agitation, until the solution suddenly clears and 
turns yellow. In the case of nickel-plating baths, which usually contain 
about 10 g. of nickel per litre, 100 c.c . are taken for the titration, and, 
according to Lecoeuvre, an accuracy of 0*02 g. in the litre is attainable. 
In baths which have been used for a long time and which are 
contaminated with iron, copper, zinc, etc., the nickel and impurities 
are determined by the usual gravimetric methods. 


MANGANESE 

Of the numerous manganese ores proper, only the oxides are of 
technical importance, and of these more especially, Pyrolusite , Mn 0 2 , and 
Psilomelane, according to Rammelsberg, R04Mn0 2 (in which R=Mn, 
Ba and K 2 ), which usually contain in addition some silica and small 
quantities of copper, cobalt, magnesium, and calcium. About nine- 
tenths of all the manganese ores and ores containing manganese are 
1 Bull Soc. Chim, 1895, 13, ion j J Soc. Chem . Ind., 1896, 15, 135. 
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used in iron-smelting works for the manufacture of iron-manganese 
alloys such as spiegeleisen and ferro-manganese, whilst the remainder 
is used for the manufacture of chlorine, bleach, manganates, and 
permanganates, glass, the preparation of varnishes, etc., and to a small 
extent for the production of manganese-copper alloys* 

The methods for the determination of manganese in manganese ores 
and iron ores containing manganese are fully described in the section 
on Iron (pp. 15 and 33). The most accurate gravimetric method of 
estimation is that of H. Rose, according to which it is determined as 
sulphide; on account of its lengthy character, it is only employed, 
however, when carrying out a complete analysis or as a deciding 
method. Of the volumetric methods, that of Volhard (p. 34) is the 
most generally used, and may be employed for the analysis of all 
substances containing manganese. 

For the analysis of iron-manganese alloys, cf Iron, p. 60. * The 
analysis of manganese-copper alloys is described on p. 207 (Manganese 
Copper) and p. 208 (Manganese Bronze). The analytical methods for 
pyrolusite are described in Vol. I., pp. 476 et seq . 


CHROMIUM 

Chromite or Chrome iron ore (approximating to the formula Cr 2 0 3 . 
FeO), which occurs in large quantities, forms the crude material from 
which all chromium compounds and chromium iron alloys are prepared. 
The mineral itself always contains more or less ferric oxide, alumina, 
and magnesia ; the content of chromic oxide in the* ore as it comes on 
to the market, varies between 30 and 62 per cent. 

The valuation of the ore is usually effected by fusing a small 
quantity (0-35 to 0*5 g.) of the very finely ground substance with 
oxidising and fluxing agents, lixiviating the fusion with water, and 
titrating the chromic acid in the solution. In practically all the older 
methods of fusion some of the .ore remained unattacked, and this had 
to be fused up again, which rendered the determination very tedious. 
This difficulty*^ entirely removed by the use of sodium peroxide, either 
alone or mixed with sodium hydroxide. The fusion methods of J. 
Spuller, S. Kalman, and of J. Lambert, described in the section on 
Iron, pp. 18-19, are applicable to all substances containing chromic 
oxide or chromium ; the chromic acid in the solution, from which the 
excess of sodium peroxide is removed, is titrated by Schwarz’s method 
{cf. Iron, p. 72). 

J. Rothe 1 fuses 0-5 g. of the very finely powdered ore in a platinum 
crucible with four times the weight of a mixture of equal parts of nitre 

1 Private communication to Prof. Pufahl. 
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and previously dehydrated sodium hydroxide, heats to not above a dull 
red heat, and thus obtains complete decomposition of the substance. 

The chromic acid in all soluble chromates is titrated by Schwarz’s 
method, by acidifying with sulphuric acid, adding a weighed excess of 
ferrous ammonium sulphate, and titrating back the excess with 
potassium permanganate. Schwarz treats lead chromate by intimately 
rubbing it up with excess of ferrous ammonium sulphate and hydro- 
chloric acid, adding a large quantity of water and titrating the solution 
with permanganate. 

Detection of Chromium . — By fusing up the substance mixed with 
sodium carbonate in a small platinum spoon, or on a piece of foil or 
platinum wire, to a high temperature, and with good access of air, a 
yellow melt consisting of a chromate is produced, which, when dissolved 
in water, produces a yellow precipitate of lead chromate after the 
addition of acetic acid and lead acetate solution. Very minute quantities 
of chromium are recognised in Iron and steel by the determination of 
the manganese by Hampe’s chlorate method, the presence of chromium 
producing a yellow coloration in the filtrate .from the manganese 
dioxide. 

L. Duparc and A. Leuba have worked out the following method for 
the analysis of chrome iron ores 1 : — They discard the fusion with sodium 
peroxide, since crucibles of silver, platinum, or copper are thereby 
strongly attacked, as well as the fusion with acid potassium sulphate, 
which does not work well and is never quantitative, and substitute 
sodium carbonate in the following manner, which must be carried out 
accurately in every detail : — The mineral is ground exceptionally finely 
in an agate mortar,' *“ bagged 55 through silk gauze, dried, not more than 
o*2 to o*3 g. mixed with 5 to 6 g. of pure sodium carbonate and heated 
for eight hours in a platinum crucible closed with the lid. Finally, the 
heat is increased and the crucible lid left half open. When the fusion 
is completed, the crucible is dipped into a porcelain dish containing 
100 c.c. of cold water, in which it is allowed to remain for several hours. 
The contents of the crucible, washed out with water, are warmed on a 
water-bath with hydrochloric acid, so as to completely dissolve the 
suspended oxide of iron, the solution evaporated to dryness, again 
moistened with hydrochloric acid and again evaporated, this being 
repeated three times so as to separate the silica. The residue is finally 
taken up with dilute hydrochloric acid, the silica filtered off and 
estimated in the usual way. Ammonia is added in slight excess to the 
filtrate, and the solution warmed on the water-bath until the smell of 
ammonia is no longer recognisable. The precipitate contains the 
hydroxides of chromium, iron, and aluminium ; it is filtered off, washed, 

1 Chem. Zeit 1904, 28, $iS ; f? Ckem. Soc . Abstr ., 1904, 86, 592 ; and private communication 
to Prof. Pufahl. 
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dried, ignited in a platinum crucible, and the mixture of the three 
oxides weighed. Calcium and magnesium are estimated in the filtrate 
as usual. a For the separation of the three oxides, the mixture is very 
finely ground, a portion weighed out, and again fused in a platinum 
crucible with sodium carbonate. On extraction with water, the iron 
remains as insoluble oxide, the chromium is dissolved quantitatively 
as sodium chromate and the aluminium as sodium aluminate. The 
solution is carefully neutralised with nitric acid, care being taken to 
avoid any excess of this acid, a slight excess of ammonia added, the 
excess driven off, the precipitated hydroxides dissolved in hydrochloric 
acid, the precipitation and dissolving repeated, the precipitate filtered 
off, washed (first with water containing sodium carbonate, then with 
pure water), and ignited, when perfectly pure white alumina is finally 
obtained. The chromate in the filtrate is reduced to chloride, and the 
chromium hydroxide precipitated with ammonia. If the slightest 
excess of nitric acid is used for the neutralisation of the solution, it 
reacts with the sodium chromate, to form a green hydroxide of 
aluminium containing -chromium, which is precipitated on the addition 
of ammonia. Acetic acid reacts in a similar manner. Hydrochloric 
acid cannot be used on account of its reducing action on the chromate. 


TUNGSTEN 1 

Only two ores are employed as raw materials from which tungsten 
iron alloys and tungsten preparations are manufactured. Wolframite , 
consisting of isomorphous mixtures of MnW0 4 andTeW0 4 , containing 
76 per cent of tungstic acid, and Sckeelite , CaW0 4 , containing 80 * 5 
per cent, of tungstic acid. Less important ores are Tungstite , or 
Wolframme (W0 3 ), Hub7ierite (MnWOJ, Stolzite (PbW0 4 ), and Cupro- 
scheeliie (CuCa 2 (W0 4 ) 3 ). 

For the determination of the contained tungstic acid, the very finely 
ground ore is decomposed by" continued boiling with aqua regia or 
nitric acid, or it is fused in a platinum crucible with potassium sodium 
carbonate if it contains no arsenic (arsenical pyrftes, etc.). 

Methods of Analysis 

1. Scheele’s Method. 

One to two grams of the very finely powdered mineral (wolframite or 
scheelite), dried at ioo°, are repeatedly evaporated to dryness in a 
porcelain dish with an excess of hydrochloric acid, to which some nitric 
acid is finally added, and the residue is heated each time to about 120 °. 

it 1 Cp Gin, Trans, Amer, Electrochem. £bc,, 1908, 13, 522. 
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The final residue is then digested with hydrochloric acid and water, the 
tungstic acid, which is invariably contaminated with silica, filtered off, 
washed with hot water, washed off the filter paper into a beaker, 
dissolved in warm, dilute ammonia, the solution filtered through the 
same filter paper into a weighed platinum dish, the solution of 
ammonium tungstate evaporated, the residue completely dried, and 
finally converted by strong ignition into yellow tungstic acid. 
WO3X07931 = Tungsten. 

2. Berzelius’ Method. 

One to two grams of the ore are fused in a nickel crucible with 
three to four times the weight of potassium sodium carbonate (the 
absence of arsenic and antimony is assumed), the cold melt extracted 
with hot water, the solution neutralised with nitric acid, the carbon 
dioxide expelled by warming, iron and alumina precipitated by means 
of ammonia, the solution again neutralised with nitric acid, then a cold 
saturated solution of mercurous nitrate added until no further pre- 
cipitate is formed, and finally a few drops of ammonia added until the 
precipitate begins to turn brown. The precipitate is allowed to settle, 
filtered off, washed with water to which some of the mercurous nitrate 
solution is added, dried, and converted into tungstic acid by careful 
ignition in an open platinum crucible in the fume cupboard. By 
evaporating the residue with a few cubic centimetres of hydrofluoric 
acid and one drop of sulphuric acid, any silica carried down with the 
tungstic acid may be removed. 

Wolframite containing tin-stone or arsenical pyrites is best treated 
according to methdti (1). For the determination of the tin in tungstic 
add containing stannic acid, H. Talbot fuses the mixed oxides with 
six times their weight of potassium cyanide in a porcelain crucible for 
half an hour, dissolves the fusion in hot water, collects and weighs the 
metallic tin, and deducts the corresponding weight of stannic oxide 
from the weight of the impure tungstic acid. 

3. Bullnheimer’s Method. 

This method 1 takes into special consideration the numerous 
minerals (scheelite, stolzite, tin-stone, arsenical pyrites, molybdenite, 
fluor-spar, bismuth, copper pyrites, quartz, mica, and other silicates) 
which accompany wolframite both in poor and in rich ores. 

The determination of the tungsten is carried out as follows : — One 
to two grams of finely powdered ore is mixed in a nickel crucible with 
4 g. of sodium peroxide, a small piece of sodium hydroxide (about 3 g.) 
placed in the mixture so that it rests on the bottom of the crucible, and 
then the crucible warmed over quite a small Bunsen flame until the 
1 Chem, Zeit 1900, 24, 870 ; J Chem. Soc. Absir 1901, So, 41. 
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contents appear quite moist The addition of sodium hydroxide serves 
to render the melt easily fluid, thereby making it easier to prevent 
portions of the ore settling and adhering to the bottom of the crucible. 
If this latter consideration is not attended to, the crucible soon becomes 
eaten into, whilst otherwise it can be used twenty times. The crucible 
is then heated with a larger flame, continually stirring with a nickel 
spatula, until the whole is quite liquid and the bottom of the crucible 
begins to glow. Wolframite is thus completely decomposed, whilst tin- 
stone is only partially attacked, and to some extent is left behind 
unchanged. After the fusion has solidified, the crucible and contents, 
whilst still hot, are placed in a beaker containing water; when the 
contents have dissolved, the solution is removed and washed into a 
250 c.c. flask. If the solution is coloured green with manganate, 
hydrogen peroxide is added till discoloured. After cooling, the flask 
is filled up to the mark, half the solution filtered through a dry, folded 
paper, and 20 g. of ammonium nitrate added. When the latter is 
dissolved, the solution is allowed to stand quietly until the silica and 
stannic acid have settled, and then a sufficient quantity of magnesium 
nitrate solution is added, in small quantities at a time, with continual 
stirring, to precipitate any arsenic or phosphoric acids present. 

The ammonium and magnesium salts used must be the nitrates, since 
chlorides or sulphates interfere with the subsequent precipitation with 
mercurous nitrate. After standing for from six to twelve hours, the 
precipitate is filtered off and washed, first with ammonia and then with 
water. It is essential to allow the silica and stannic oxide to settle 
before adding the magnesium nitrate, otherwise the precipitate easily 
carries some tungsten down with it The ammoniacal solution is then 
made slightly acid with nitric acid, and after cooling, in case it has 
become very warm, 20 to 30 c.c. of mercurous nitrate solution added. 
The mercurous nitrate solution is prepared from 200 g. of mercurous 
nitrate, 20 c.c. of concentrated nitric acid, a little water, then warmed, 
and when dissolved, diluted to 1000 c.c. and kept over mercury. After 
several hours, ammonia is adcted until the solution has only a slight 
acid reaction ; is then allowed to stand until the liquid over the dark 
precipitate has cleared. The precipitate is then filtered off and 
thoroughly washed with water containing mercurous nitrate. By the 
foregoing procedure, the precipitate will be found to be retained 
completely by the filter paper, and the washings will also be perfectly 
clear. After drying, the filter paper is ignited, heated under the fume 
cupboard over a Bunsen burner, and then more strongly over a blow- 
pipe with access of air until of constant weight. If much molybdenum 
is present, which is seldom the case, its volatilisation is only complete 
after a considerable time. The same end is ^somewhat more quickly 
attained, if, after the first strong ignition, some ammonium chloride is 

r 
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mixed with the contents of the crucible, which are then strongly ignited, 
first with the lid on and finally with the lid off. 

4. The Analysis of low-grade Wolfram Ores. - 

Hutchin and Tonks 1 have worked out the following method, which 
is specially suitable for the determination of tungstic acid in low-grade 
wolfram ores. About 5 g. or more, according to the richness of the 
sample, is weighed and digested in a porcelain dish with 20 c.c. of a 
25 per cent, solution of sodium hydroxide (free from chloride) on a 
water-bath for thirty to forty-five minutes. After dilution, a little 
sodium peroxide is added to oxidise any decomposition products of 
sulphides and the solution diluted to 250 c.c. in a graduated flask; 
200 c.c. are filtered through a dry filter paper, acidified with nitric acid, 
and then made alkaline with ammonia. The solution is then boiled, 
filtered, the precipitate washed, the filtrate made slightly add with 
dilute nitric acid, and mercurous nitrate added in excess, followed by 
a few drops of dilute ammonia. On stirring and warming, the pre- 
cipitate settles readily ; it is filtered off, washed with a dilute solution 
of mercurous nitrate, the paper and precipitate ignited together in a 
porcelain crucible, or, if the ore be free from arsenic, in a platinum 
crucible, and weighed as tungstic acid. 

5. The Analysis of Tantaliferous Wolframite. 2 

The very finely pulverised mineral is treated with hydrochloric acid, 
to which a little nitric acid has been added, the whole boiled, then 
diluted with water, the clear solution decanted, and the residue washed 
by decantation. The insoluble residue is treated with ammonia and 
sulphuretted hydrogen, the solution decanted, and the residue washed 
with strong sulphuretted hydrogen water. The slight residue, coloured 
black by sulphide of iron, turns white on treatment with hydrochloric 
acid, and consists of a little unattacked wolframite and the tantalic acid. 
The hydrochloric acid solution obtained is added to that containing the 
iron, manganese, calcium, and magnesium. The decomposition of the 
original residue is completed by fusing with acid potassium sulphate, 
the fusion treated with boiling water, and the residue' after filtration, 
treated with ammonium sulphide, which takes up the rest of the 
tungsten. 

The slight residue, coloured black by sulphide of iron, is purified by 
treatment with hydrochloric acid, which leaves the tantalic acid in an 
insoluble form combined with sulphuric acid ; this is calcined at a bright 
red heat and the tantalum pentoxide weighed. 

The combined ammonium sulphide solutions are evaporated to dry- 

1 Trans. J, Min . and Met., 1908 - 9 , 18 , 425 . 

2 Gifl x Trans . Amer. Electrochem . Soc. t 1908 , 13 , 531 . 
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ness, the residue moistened with a few drops of nitric acid, evaporated to 
dryness again, and strongly heated ; the residual tungstic anhydride is 
then weighed. 

The Combined acid solutions are used for the estimation of the 
metals, iron and manganese being precipitated by means of ammonia 
and sulphuretted hydrogen, and the calcium, and magnesium estimated 
in the filtrate. 

The methods of analysis applied to metallic tungsten and tungsten 
iron alloys are described under Iron, pp. 73 et seq. 


URANIUM 

Uranium compounds (sodium and ammonium uranate) and uranyl 
nitrate, which are used in the manufacture of glass and for painting on 
porcelain, are for the greater part prepared from Uranium pitch blende 
(uranous-uranic oxide, U 3 0 8 ), which contains up to 80 per cent 
intimately mixed with pyrites, arsenical pyrites, galena, etc., and which 
is found in Cornwall, lit Joachims thal, Johanngeorgenstadt, Adrianople, 
and other localities; and to a lesser extent from naturally occurring 
hydrated copper uranium and calcium uranium phosphates, such as 
copper uranite, calcium uranite, and uranium mica. 

Poorer ores which come into commerce contain 30 to 60 per cent, of 
U 3 0 8 ; the Uraniwn sands of Carolina, Connecticut, and Colorado contain 
only from 8 to 18 per cent. Uranium minerals always contain the 
radio-active element radium, as well as helium. 1 Small amounts of 
compounds of copper, bismuth, silver, zinc, arsenic, •and aluminium are 
also often present. 

Methods of Analysis 2 

1. H. Rose's Method. 

About 1 g. of finely ground substance, dried at ioo°, is warmed in 
a flask with 100 c.c. of strong nitric acid, the solution evaporated to 
dryness, the evaporation repeated with 20 c.c. of hydrochloric acid, the 
residue taken up with hydrochloric acid, 50 c.c. of a saturated aqueous 
solution of sulphur dioxide added, the solution warmed to reduce the 
arsenic oxide, boiled, and sulphuretted hydrogen passed in for some 
time after further dilution. The precipitate is filtered off, an excess of 
a cold, saturated solution of ammonium carbonate added to the filtrate, 
and then ammonium sulphide; zinc, iron, manganese, nickel, and 
cobalt separate as sulphides, whilst all the uranium remains in solution 

1 Cf, C. Baskerville, Eng. and Min.J*, 1909, 87, 257. 

2 A summary of the best methods of analysis are given by 'Kern, J. Amer. Chcm. Soc., 1901, 

23, 685. 
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as uranous carbonate. When the precipitate of sulphides has settled, 
the supernatant liquid is poured through a filter paper, the precipitate 
repeatedly washed by decantation with water containing some 
ammonium . sulphide and ammonium carbonate, after which the 
precipitate is brought on to the paper and thoroughly w ash ed. The 
filtrate is boiled for some time, hydrochloric acid added to decompose 
the ammonium sulphide, again boiled for a quarter of an hour, and 
then the uranous oxide oxidised by boiling with a little nitric acid. 
All the uranium is now precipitated as hydroxide with a slight excess 
of ammonia, the precipitate washed with dilute ammonium chloride 
solution, dried, and, by igniting in a platinum crucible with good 
access of air, converted into the oxide U 3 O s (U0 3 .2U0 S ), which is 
weighed. U g O s x 0-8482 = Uranium. The amount of uranium in the 
ore is usually expressed in percentages of U g 0 8 . 

As a check, on the estimation, the weighed oxide may be converted 
by. strong ignition in a current of hydrogen into uranous oxide and 
weighed as such. U0 2 x 0-8817 = Uranium. 

2. A. Patera’s Technical Assay. 

One to five grams of the finely powdered ore are dissolved by heating 
for some time with a slight excess of nitric acid (sp. gr. 1-2), the 
solution diluted, excess of sodium carbonate solution added, boiled for a 

Tu r V' me ’ P rec 'P‘ tate filtered off and washed with hot water. 
The filtrate contains all the uranium and only traces of other metals! 
It is neutralised with hydrochloric acid, the carbon dioxide expelled 
by boiling, orange ^coloured sodium uranate precipitated with sodium 
hydroxide, the precipitate filtered off, washed with a little hot water, 
and dried. The filter paper is ignited in a platinum crucible, the dried 
uranate added, the contents of the crucible strongly ignited, and, when 
cold, brought on to a small filter paper; the free alkali contained in 
the uranate is. washed out with hot water, the filter paper and contents 
again dried, ignited, and the pure sodium uranate (uranium yellow) 
weighed. .100 parts Na 2 U 2 0 7 = 132-84 -parts U g 0 8 . 

. According to C. Winkler, the results obtained in the analysis of ores 
rich in . copper are somewhat too high, on account of a small amount of 
unprecipitated copper being carried over into the alkaline solution. 

H. Borntrager 1 found that in the analysis of poor ores, and especially 
of uranium sands, considerable quantities of silica (up to 4 per cent.) 
are contained, in the sodium uranate, and advises the dissolving of the 
uranium, precipitate in hydrochloric acid, the filtering off of the silica, 
the precipitation of the uranium in the filtrate with ammonia, and finally 
weighing it as U s 0 8 (cf. Method 1). 

1 Z. anal. Clem., 1-S98, 37, 436 ; J. Soc. Chem. Tnd ., 1898, 17, 1184. 
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3. Determination of Uranium in Ores containing Phosphorus 
and Arsenic (R. Fresenius and E. Hintz). 1 

The silica is separated as usual from the nitric acid, hydrochloric acid, 
or aqua regia solution, excess of potassium ferrocyanide added to the 
dilute hydrochloric acid solution, and the solution then saturated with 
sodium chloride. The precipitate, containing uranium, copper, and iron 
ferrocyanides, which soon settles, is first washed by decantation, and then 
on the filter paper with water containing sodium chloride, and is then 
treated with dilute potassium hydroxide without warming. When the 
decomposition of the ferrocyanides is complete and the hydrated oxides 
have settled, the solution is poured through a filter paper, the precipi- 
tate again washed once by decantation with water, and the hydrated 
oxides transferred to the filter paper with water containing ammonium 
chloride and ammonia, with which they are washed uninterruptedly until 
the filtrate, on acidifying, shows no traces of potassium ferrocyanide. 

The hydrated oxides are then treated with hydrochloric acid. If 
the foregoing operations have been properly carried out, they "are 
completely dissolved. Should an insoluble residue of ferrocyanides 
remain, after washing, it must be again treated with potassium 
hydroxide, etc., as described above. 

The solution of metallic chlorides, which, if the precipitate of the 
ferrocyanides has been well washed, contains no phosphoric or arsenic 
acids, is concentrated ; if necessary the greater part of the free acid is 
neutralised with ammonia, and to the clear solution a moderate excess 
of ammonium carbonate is added, and the solution allowed to stand for 
some time. The ferric hydroxide remaining undi^solved is filtered off, 
washed with water containing some ammonium carbonate, the filtrate 
and washings heated so as to remove the greater part of the ammonium 
carbonate, the solution acidified with hydrochloric acid, whereby the 
yellow flocculent precipitate containing some of the uranium and which 
was produced by boiling, is redissolved, and sulphuretted hydrogen 
then passed in to the hot solution to precipitate the copper. The 
copper sulphide is always obtained free from uranium. The filtrate 
from the copper sulphide is concentrated, and the uranium precipitated 
with ammonia as hydrated uranium oxide, which is converted by 
igniting in an open crucible into uranous uranic oxide, and weighed as 
such. As a check, the contents of the crucible are ignited in a current 
of hydrogen and the weight of uranous oxide also obtained. 

According to published results, the method is to be recommended ; 
it is specially suited to the analysis of ores containing uranium mica 
(phosphate) and uranium arsenate. 

1 Z. anal. Chem., 1805, 34, 437 ; J. Ghem . Soc. Ahstr ., 189$, 68, 536; cf. also E. F. Kern,j^ 
Amer . Chem . Soc., 1901, 23, 685 \J. Soc . Chem K Ini> ,, 3:901, 20, 1x44* 
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4. Analysis of Uranium-Vanadium Ores ( Camotite ). 

The details of analysis are described under Vanadium, p. 338. 

5. Uranium Yellow. 

Fritchle 1 has published a method for the analysis of uranium, and 
vanadium ores, in which the reduced solutions of uranium and vanadium 
are titrated with permanganate. 

The uranium yellow of commerce, which is practically chemically 
pure sodium uranate, is valued, according to Schertel, 2 3 chiefly by its 
appearance in comparison with recognised good samples. It should 
dissolve in hydrochloric acid without leaving any residue. If the clear 
solution is neutralised with ammonia, excess of ammonium carbonate 
added, and the solution warmed, no cloudiness should be produced. A 
drop of ammonium sulphide solution added to this solution should 
produce no precipitate, but only a dark coloration. 


VANADIUM 

Vanadium is very widely diffused although in inconsiderable 
quantities. It is found in many silicate rocks, particularly in those rich 
in magnesium and iron, also in clays, bauxites, in many oolitic brown 
haematites, and even in lignites. The extraordinarily high percentage 
of 38-5 per cent, of vanadic acid has been found in the ash of a lignite from 
San Rafael, Province Mendoza, Argentine. 

The demand for Vanadium has very greatly increased since its recent 
application in the manufacture of special steels. Of late years numerous 
new sources of the metal, in workable quantities, have been discovered. 

Vanadium Ores? — The best known ores with a high content of the 
metal are : Vanadinite, , 3Pb 3 (V0 4 ) 2 ,PbCl 2 , containing up to 19*3 per cent, 
of vanadium pentoxide, and Descloizite (often found associated with 
vanadinite), a hydrated lead zinc vanadate with up to 227 per cent, of 
vanadium pentoxide. Important recent sources of the metal are : 
Mottramite , a hydrated lead copper vanadate containing up to i8-8 per 
cent, of vanadium pentoxide ; Roscoelite , or Vanadium mica , containing 
up to 24 per cent, of vanadium pentoxide; Camotite , a hydrated 
potassium uranium vanadate with 15 to 18 per cent, of vanadium 
pentoxide; Patronite , 4 a mixture of vanadium sulphide with molyb- 


1 Eng. and Min. 7 , 1900, 70, 548. 

2 Cf Post, Chemisch-technische Analyse , 3rd ed., Vol. I., p. 79 2> 

3 Cf Katzer, Osterr. Z.f. Berg.-u.-Huttenwesen , 1909, 57, 41 1. 

4 Cf D. F. Hewett, Bull. A me*. Inst . Min. Eng., 1909, p. 291 ; J. Iron and Steel Inst. , 1909, 
80, 337 - 
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denum trioxide, silica, alumina, and oxides of iron, etc., containing up 
to io per cent, of vanadium ; and Anthracite ( Asphaltite ) rich in sulphur, 
which occurs in the Quisque and Yauli districts in Peru, and contains up 
to i-5 per cent of vanadium pentoxide. All these raw materials, 
including the above-mentioned ashes of lignites, serve for the manufac- 
ture of vanadium preparations, chiefly ferro-vanadium. This alloy 
comes on the market with a content of up to 34 per cent, of vanadium, 
and may be obtained, either free from, or containing carbon. 

Detection of Vanadium in Rocks, etc. (W. Hillebrand). 1 

Five grams of the finely pulverised mineral are fused over the blowpipe 
with a mixture of 20 g. of sodium carbonate and 3 g. of sodium nitrate. 
The mass is extracted with hot water, some alcohol added to reduce any 
manganate formed, the solution filtered, the filtrate almost neutralised 
with nitric acid (the necessary quantity of the acid is found by a blank 
experiment), evaporated nearly to dryness, taken up with water, and 
filtered. The filtrate, which must be alkaline, is mixed with mercurous 
nitrate solution, whic£ may cause a precipitate of mercurous phosphate, 
arsenate, chromate, molybdate, tungstate, and vanadate, as well as of 
much basic mercurous carbonate. The liquid is boiled, filtered, the pre- 
cipitate dried, detached from the filter paper, and heated in a platinum 
crucible in a draught cupboard. The residue is ignited and fused with a 
very small quantity of sodium carbonate and extracted with water ; a 
yellow colour of the solution indicates the presence of chromium. The 
solution is acidified with sulphuric acid, and traces of- platinum, 
molybdenum, and arsenic, precipitated by sulphuretted hydrogen in a 
pressure bottle ; the precipitate is filtered off, the sulphuretted hydrogen 
boiled off, the filtrate evaporated down until alnjost all the sulphuric acid 
is expelled, and the residue dissolved in 2 or 3 c.c. of water ; a few drops 
of hydrogen peroxide solution are then added, when a brownish yellow 
coloration shows the presence of vanadium. 

In order to detect vanadic acid in the presence of chromic acid, 
E. Champagne 2 recommends shaking the solution, which has been 
acidified with, sulphuric acid, with hydrogen peroxide and ether. A 
blue coloration of the ethereal layer indicates chromium, while a yellow 
coloration (brownish yellow if considerable quantities are present) of the 
aqueous solution shows the presence of vanadium. 

Detection of Vanadium in Iron Ores, etc. (Lindemann). 8 

A few grams of the very finely powdered ore and four times the 
quantity of fusion mixture are fused for half an hour either in a red-hot 

1 Amer - Chem - Soc -t 1898, 20, 209; Chem. News, 1898, 78, 216; Treadwell and Hall, 

Analytical Chemistry , vol. i., p, 436. * 

2 Ber., 1903, 36, 3164. 2 Z. anal. Chem., 1879, 18, 102. 
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muffle or over the blowpipe. The melt is extracted with water, silica 
separated by adding excess of hydrochloric acid and evaporating, the 
residue taken up with hydrochloric acid and water, the solution filtered, 
saturated at 6o° to yo° with sulphuretted hydrogen, and allowed to stand 
for twenty-four hours in a moderately warm place. The time may be 
shortened by the use of a pressure bottle. The filtrate, which in 
presence of vanadium is more or less distinctly blue in colour, is boiled 
to remove sulphuretted hydrogen, and concentrated to a small volume. 
The oxidation of vanadium tetroxide to pentoxide is then effected by 
adding a few crystals of potassium chlorate. Chlorine is driven off by 
further evaporation, the solution allowed to cool, and any salts which 
separate out dissolved by adding water; a slight excess of ammonia is 
then added to combine with any trace of free chlorine, and the solution 
faintly acidified with sulphuric acid. The vanadic acid thus formed may, 
if desired, be then titrated with standardised ferrous sulphate solution, 
using potassium ferrocyanide as indicator (cf. the volumetric estimation 
of vanadium, p. 335). For quantitative estimations, Lindemann fuses the 
residue again with fusion mixture and potassium nitrate. 


METHODS OF ANALYSIS 1 
A. Gravimetric Methods 

Estimation of Vanadium as Vanadium pentoxide. 

This method is seldom used. If vanadic acid has been precipitated 
as pure mercurous vanadate (H. Rose, p. 337) from a nitric acid solution 
which is free from* arsenic, molybdenum, tungsten, chromium, and 
phosphorus, the precipitate can be converted by moderate ignition 
into brownish red vanadium pentoxide, which is just melted at a higher 
temperature in order to complete the expulsion of mercury, and then 
solidifies to a crystalline mass. From pure, alkali-free ammonium 
vanadate, analytically pure vanadium pentoxide, with 56*14 per cent, of 
vanadium, can be obtained by prolonged ignition with access of air. 
Any tungstic acid contained in the vanadic acid solution can be 
removed by repeatedly evaporating to dryness with hydrochloric or 
nitric acid ; vanadium pentoxide (reduced to tetroxide by hydrochloric 
acid) is readily soluble in the dilute acids. Arsenic and molybdenum 
are separated in the hydrochloric acid solution by prolonged treatment 
with sulphuretted hydrogen and heating in a pressure bottle. Any 
phosphoric acid present is precipitated as mercurous salt and is left as 
phosphorus pentoxide mixed with the vanadium pentoxide ; In this 

1 Cf Treadwell and Hall, Analytical Chemistry, vol. ii., 1 910, p. 273 ; A Classen, Ausgewcihlte 
Meihoden d. anal. Cksmie , i., p. 23-3 ; Muspratt's Handbuch der technishen Chemie , 4th ed., 1905, 

p. 1742. 
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case the residue sinters but does not melt. The impure precipitate is 
fused with sodium carbonate, the solution acidified with sulphuric acid, 
and, after reducing the vanadium pentoxide to vanadyl sulphate, the 
phosphoric acid is estimated by ammonium molybdate solution and the 
quantity found subtracted. The presence of chromium is recognised by 
the colour of the solution obtained on extracting the residue after fusion 
with sodium carbonate and potassium nitrate; this recognition is 
facilitated by first decomposing any manganate present with alcohol, and 
then filtering. Vanadium is estimated volumetrically, according to 
Lindemann’s method, which is not affected by the presence of chromic 
salts. 

According to Roscoe, vanadic acid can be precipitated quantitatively as 
orange-yellow lead vanadate from a vanadate solution slightly acidified 
by acetic acid. Since the precipitate has not a constant composition, it 
is advisable, after washing, to decompose it with sulphuric acid, filter off 
the lead sulphate, and to titrate the vanadium in the filtrate, after 
reducing the pentoxide to the tetroxide. The lead vanadate may also 
be decomposed with hydrochloric acid, the lead chloride dissolved in hot 
water, sulphuretted hydrogen passed through the diluted solution, the 
lead sulphide filtered off, and the vanadium tetroxide contained in the 
filtrate titrated after boiling off the sulphuretted hydrogen. 

In all cases it is advisable to fuse the weighed vanadic acid with 
sodium carbonate, and, after adding excess of sulphuric acid to the 
aqueous solution of the fused mass, to reduce it to the tetroxide, and 
then to check the gravimetric result by a volumetric estimation. 

B. Volumetric Methods # 

These methods are most frequently employed, and are both rapid 
and very accurate. 

i. Titration of Vanadyl sulphate with Potassium permanganate. 

Vanadic acid in a solution, acidified with sulphuric acid is at once 
reduced to the tetroxide by sulphuretted hydrogen, and by sulphur 
dioxide. After boiling off the reducing agent, tHfe dilute bluish solution, 
which should be at a temperature of about yo°, is titrated with dilute 
permanganate, whereby re-oxidation to the pentoxide occurs. 

The end-point is shown by a reddish coloration. The reaction is 
represented by the following equation : — 

5 V 2 0 4 + 2 KMn 0 4 + 3H 2 S0 4 = s V 2 0 6 + K 2 S 0 4 + 2MnS0 4 + 3H 2 0. 

The iron value of the permanganate solution, multiplied by 1-632, 
gives the vanadium pentoxide, or, multiplied by 0*916, the vanadium. 

The vanadium solution should contain from o-i to 0*2 g. of the 
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pentoxide and a few cubic centimetres of sulphuric acid in 500 c.c. The 
solution is mixed with about 30 c.c. of freshly prepared, saturated 
sulphurous acid solution, warmed, boiled, and the removal of the sulphur 
dioxide accelerated by passing in carbon dioxide. After boiling for 
half an hour, the escaping gases are tested for sulphur dioxide by 
passing them through a test tube of water rendered faintly pink by 
permanganate, which should not be decolorised (Treadwell). The 
reaction with starch iodide paper is less sensitive. 

Hillebrand and Ransome (cf Ore Analysis, I (£), p. 338) have 
observed that old solutions of sulphur dioxide in water, and also 
solutions of alkali sulphites, contain other oxidisable substances besides 
sulphur dioxide, which are not removed from the solution acidified with 
sulphuric acid even by prolonged boiling. 

Sulphuretted hydrogen is not usually employed as the reducing 
agent ;* the filtrate from the copper, lead, and arsenic precipitate obtained 
in the course of the analysis can, however, be titrated with permanganate 
after boiling off the sulphuretted hj/drogen {cf Ore Analysis, I {b)). 
The titration can be repeated after passing sulphur dioxide through 
the solution, which has been cooled after titration (or a fresh addi- 
tion of aqueous sulphurous acid can be made), and boiling off the 
excess. 

The vanadium value of the permanganate solution may be deter- 
mined directly by means of a pure preparation of vanadium pentoxide, 
such as ammonium vanadate which has been purified by recrystallisa- 
tion. The vanadium pentoxide content is determined by careful 
heating, ignition, and fusion of about 0-5 g. Approximately 0*2 g. of 
the preparation (containing about 76-7 per cent, of vanadium pentoxide) 
is then weighed out, dissolved in hot water with addition of sulphuric 
acid, and the estimation carried out as described above. 

This method gives excellent results. 

2. Titration of Vanadic acid with Ferrous sulphate (Lindemann). 

Lindemann {cf. p. 332, Detection *of Vanadium) reduces the 
pentoxide to tetroxide in a cold solution, slightly ^ acidified with 
sulphuric acid, with a solution of ferrous sulphate (or ferroTTs ammonium 
sulphate) which has been recently standardised by permanganate; 
potassium ferricyanide solution is used as the indicator. The reduc- 
tion takes place in accordance with the equation : — 

2 FeO + V 2 0 5 - Fe 2 0 3 + V 2 0 4 . 

Hence 55*88 parts of ferrous iron correspond to 51-2 parts of 
vanadium. 

The solution of vanadic acid, oxidised exactly according to Linde- 
mann’s directions, is diluted to 300 c.c., and one-third of the solution used 
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in a preliminary experiment to determine the approximate volume of 
ferrous sulphate solution required. The titration is repeated with half 
of the remaining solution, and the residual third is used for a control 
estimation. Chromium contained in the original substance is finally 
present as chromic chloride, which is not altered by permanganate. A 
special advantage of this method is, that ferric iron may be contained in 
the pentoxide solution. 

In the analysis of an ore (cf. H. Rose’s method, p. 337), for instance, 
the percentage of vanadic acid can be accurately determined in presence 
of the generally small quantity of iron, in the solution obtained by 
decomposition with hydrochloric acid or aqua regia which has been freed 
from lead, copper, arsenic, and molybdenum by sulphuretted hydrogen, 
and the filtrate evaporated down and oxidised with potassium chlorate. 
In the titration with permanganate (method 1), on the other hand, the 
ferrous salt present is titrated as well, and an iron estimation is required 
to correct the result. Since, in the separation of iron and vanadium, 
repeated treatment with alkali hydroxide is necessary in order to obtain 
vanadium-free ferric hydroxide, this applicability of Lindemann’s method 
is especially valuable. 

3. Iodometric estimation of Vanadium (Holzverscheidt). 1 

When ores and compounds containing vanadium pentoxide are 
treated with hot hydrochloric acid, chlorine is evolved, but the percent- 
age of pentoxide present cannot be calculated from the amount of 
chlorine liberated, because the reduction of the pentoxide to the lower 
oxides proceeds differently, according to the concentrations of the acid 
and of the pentoxide solution. In presence of potassium bromide, how- 
ever, the reduction proceeds quantitatively jn accordance with the 
equation : — 

V 2 0 5 + 2 HBr - V 2 0 4 + H 2 0 + Rr s . 

To carry out the estimation, 0-3 to 0*5 g. of the vanadate and 1-5 to 
2 g. of potassium bromide are introduced into a Bunsen flask as used 
for the analysis of pyrolusite, 30 c.c. of concentrated hydrochloric acid 
added, the wKole boiled, and the evolved gases led into a potassium iodide 
solution placed in the receiver. The liberated iodine is then titrated 
with N/10 sodium thiosulphate, of which 1 c.c. =0-00912 g. V 2 0 5 . 

The method gives excellent results, and is especially suitable for the 
examination and valuation of vanadic acid preparations and of vanadates 
free from iron. 

1 Dissertation: Berlin, 18905 Treadwell and Hall, Analytical Chemistry , 1910, vol. iL, 
p. 622. 
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C. Estimation of Vanadium in Ores 

i. Estimation of Vanadium in Vanadium Ores (Vanadinite, 
Descloizite, Cupro-descloizite, Mottramite, etc.). 

(a) H. Rose's Method . — This method consists in the separation of 
the vanadic acid by means of mercurous nitrate solution, and then 
weighing the pure pentoxide derived from the precipitate. 

To carry out the determination, i g. of a finely powdered average 
sample is decomposed with 20 c.c. of ordinary hydrochloric acid in a 
covered basin, the solution evaporated down, taken up with a little hydro- 
chloric acid and much hot water, the volume made up to about 500 c.c., 
and sulphuretted hydrogen passed in for one to two hours. To separate 
arsenic completely, the beaker containing the solution is then heated in 
a boiling water-bath, again treated for half an hour with sulphuretted 
hydrogen, and, after standing for some time (best over night), filtered into 
a capacious porcelain basin ; the precipitate of lead, copper, and arsenic 
sulphides is washed with water containing hydrochloric acid and 
sulphuretted hydrogen. The filtrate is first evaporated over a flame, 
without boiling, and then on the water-bath ; 20 c.c. of ordinary nitric 
acid are poured on to the solid residue and evaporated, at first under a 
watch-glass on account of spirting. This evaporation with nitric acid is 
then repeated once or twice in order to remove all the chlorine. The 
residue is taken up with the smallest possible quantity of nitric acid and 
with hot water, and heated in a basin (preferably platinum) with an excess 
of pure sodium hydroxide solution ; the ferric hydroxide precipitate is 
filtered off, washed \Sith hot water, dissolved in a little nitric acid, again 
treated with excess of pure sodium hydroxide, filtered, and washed. (If 
there is a considerable percentage of iron in the ore, the precipitate 
should be redissolved and the above treatment repeated). The united 
filtrates and washing s are then saturated with carbon dioxide, gently 
warmed, and filtered from any separated alumina and zinc carbonate, etc. 
Nitric acid in slight excess is added to the filtrate, contained in a large 
covered beaker, and the carbon dioxide completely removed by boil- 
ing. The liquid is then allowed to cool, mixed with 10 c.c. of a cold, 
saturated solution of mercurous nitrate, stirred, then neutralised with 
ammonia, and the voluminous greyish brown precipitate (which con- 
tains all the vanadium as mercurous vanadate) filtered, and washed 
carefully with water containing 1 c.c. of saturated mercurous nitrate 
solution per litre, until the filtrate no longer gives a distinct sodium 
reaction. 

After drying, the precipitate and filter paper are gradually heated in 
a platinum crucible, in the draught cupboard, the filter carbonised, the 
lid removed, and the crucible gently ignited over a small flame until the 

TT V 
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carbon is completely burnt ; the flame is then increased and the vanadic 
acid fused at a red heat. V 2 0 5 X 0-5614 = Vanadium. 

The expulsion of the carbon dioxide is necessary, or otherwise much 
mercurouS carbonate is contained in the precipitate. The mercurous 
nitrate solution is prepared by warming ordinary nitric acid with excess 
of mercury, and keeping the solution over mercury. Since the solution to 
be precipitated contains a large quantity of sodium nitrate, considerable 
dilution is advisable. In case a control is necessary, the weighed vanadic 
acid is fused with potassium and sodium carbonates, the fused mass dis- 
solved in water, excess of sulphuric acid added, and the vanadic acid in 
the solution estimated volumetrically after conversion into the tetroxide. 

(b) W. Hillebrand and F. L. Ransomds Method } — One gram of the 
very fine powder is carefully fused in a platinum crucible with 4 g. of sodium 
carbonate (or fusion mixture) and the fused mass extracted with hot .water. 
The residue is washed with hot water on a filter, which is dried and 
ignited. The fusion is repeated on account of the considerable quantity 
of vanadic acid which is retained in the undissolved residue. The 
united filtrates are acidified with sulphuric acid, heated almost to boiling, 
and sulphuretted hydrogen passed in for a long time, which precipitates 
the arsenic and any molybdenum present and reduces the vanadic acid 
to the tetroxide (V 2 0 4 ). The precipitate is filtered and washed 
thoroughly with water containing sulphuretted hydrogen. The filtrate, 
amounting to about 500 c.c., is boiled in a flask for half an hour, 
while carbon dioxide is passed in, until it is free from sulphuretted 
hydrogen. The vanadium tetroxide is then titrated in the hot solution 
with moderately concentrated permanganate until a permanent colora- 
tion is produced. The resulting vanadic acid is deduced by passing 
sulphur dioxide into the cooled solution, $he excess of the gas 
completely removed by boiling, and finally by passing carbon dioxide, 
and again titrated with permanganate. The result now obtained is 
usually somewhat lower, but is assumed to be correct. ( Cf p. 334, The 
Volumetric Estimation of Vanadium by Permanganate.) 

Any uranium contained in the ore does not influence the result, 
because it ren^gins in the residue as sodium uranate. Pufahl prefers to 
add 1 g. of potassium nitrate to the mixture, and to fuse in a porcelain 
crucible over a large Bunsen burner ; fusion in a muffle is not advisable, 
as the mass readily froths over. 

2. Analysis of Uranium-Vanadium Ores (Carnotite, etc.). 

{a) Fritchle's Method} — Half a gram of the very finely powdered ore 
is heated for an hour with 20 c.c. of nitric acid in a 200 c.c. flask ; 10 c.c. 

1 Amer.J. Science , 1900, io, 120 ; J Soc. Chem . Ind., 1900, 19, 937. U.S. Geological Survey, 
Bulletin 176 ; cf. also, Low, Technical Methods of Ore Analysisdigo^ p. 203. 
a Eng. and Min. 1900, 70, 548. 
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of water are then added, the solution neutralised with a saturated sodium 
carbonate solution, a further quantity of 5 c.c. of sodium carbonate 
solution and 20 c.c. of a 20 per cent sodium hydroxide solution added, 
and the solution boiled for half an hour. Sodium carbonate precipitates 
the uranium, vanadium, and iron, but the vanadium pentoxide dissolves 
again in the sodium hydroxide solution. The precipitate is filtered off 
and washed with dilute sodium hydroxide solution until the filtrate 
gives no vanadium reaction. The residue is dissolved in 20 c.c. of 
dilute nitric acid (1 : 1), diluted with 40 c.c. of water, neutralised with 
ammonia, 40 c.c. of saturated ammonium carbonate solution added, 
and the solution heated but not boiled. Ferric hydroxide is precipitated, 
whilst the uranium remains in solution. The precipitate is filtered 
off, washed thoroughly with 2 per cent, ammonium carbonate solution, 
and an excess of dilute sulphuric acid added to the filtrate, which 
is then evaporated until sulphuric acid fumes begin to be evolved. 
After cooling, the residue is taken up with 100 c.c. of water and reduced 
by boiling for half an hour with strips of aluminium. The uranium is 
titrated in the solution with a permanganate solution which has been 
standardised against iron. The iron value of the permanganate, 
multiplied by 2-133, gives the uranium, or, multiplied by 2-5167, the 
uranoso-uranic oxide, U 3 0 8 . The iron oxide residue is dissolved in 
dilute sulphuric acid, reduced with aluminium, and titrated with the 
same permanganate solution. 

For the estimation of the vanadium, 0*5 g. of the ore are dissolved 
in 10 c.c. of nitric acid, 10 c.c. of sulphuric acid added, and the solution 
boiled until sulphuric acid fumes appear. After cooling, water is added, 
the iron, vanadium, and uranium reduced with aluminium and titrated 
together, with permanganate, which causes the solution to change its 
colour through purple-blue, blue, green, and yellow, to pink. 

The volume of permanganate equivalent to the iron and uranium 
previously titrated is subtracted, and the difference represents that 
required for the oxidation of the vanadium tetroxide to pentoxide. ( Cf 
The Volumetric Estimation of Vanadium, method i ? p. 334.) 

This method is vqjry satisfactory, but the precipitations must be 
repeated when the ore contains a notable quantity of iron, and the 
aluminium used for the reductions must be free from iron. 

(b) A . N. Finn's Method ( for Carnotite ). 1 — A quantity of the average 
sample which does not contain more than 0*25 g. of uranoso-uranic 
oxide, U 3 0 8 , is weighed out, decomposed with hot sulphuric acid (1 : 5), 
and the solution evaporated until fumes of the acid begin to be evolved. 
After cooling, the residue is taken up with water and boiled with an 
excess of sodium carbonate solution until the precipitate settles well. 
The precipitate is filtered off, washed, dissolved in the smallest possible 
1 J, Amer , Chem . Soc^ 1906 , 28 , 1 443 . 
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quantity of dilute sulphuric acid, and again precipitated. The united 
filtrates and washings are acidified with sulphuric acid, 0*5 g. of 
ammonium phosphate added, boiled, made alkaline with ammonia, 
boiled again for a few minutes, and the precipitate of ammonium uranyl 
phosphate, which contains all the uranium, washed with hot water 
containing some ammonium sulphate. 

The vanadium is titrated in the filtrate, with permanganate, after 
acidifying with sulphuric acid, followed by treatment with sulphur 
dioxide and removal of the excess by boiling, as described above. 

The uranium precipitate is dissolved in sulphuric acid, an ample 
quantity of granulated zinc added, and the reduction allowed to proceed 
for half an hour ; the solution is then filtered on the pump through an 
asbestos filter to separate zinc (and finely divided lead), and the uranyl 
sulphate solution warmed to about 6o° and titrated with N/20 per- 
manganate. 1 The percentage of uranium or of uranic oxide is calcu- 
lated from the iron value of the permanganate solution as in Fritchle’s 
method. 

( V ) Method of Ledoyx & Co } — One gram of the ore, previously finely 
powdered and dried at ioo°, is gently heated in a small beaker with 
25 c.c. of dilute nitric acid (1 : 3), the solution filtered, and the residue 
washed with hot water. The filtrate is diluted, the lead, copper, etc., 
precipitated by sulphuretted hydrogen, the solution filtered, and the 
filtrate boiled to remove the excess of sulphuretted hydrogen. Hydrogen 
peroxide is then added to oxidise the iron and vanadium, and the excess 
decomposed by boiling. The solution, which contains all the uranium 
and vanadium, is allowed to cool, neutralised with ammonia, an ample 
quantity of saturated ammonium carbonate solution added, and, after 
heating gently for a quarter of an hour, the ferric hydroxide precipitate 
filtered off. Since this precipitate retains some uranium and still more 
vanadium, it is dissolved in the smallest possible quantity of dilute 
nitric acid and reprecipitated. If it still gives the vanadium reaction 
when a few drops of hydrogen peroxide are added to its solution in nitric 
acid, the precipitation must be repeated once more. The united filtrates 
and washings^are boiled in a large beaker to r remove ammonia and 
ammonium carbonate, the solution finally becoming turbid by separation 
of uranium and vanadium compounds ; this turbidity is removed by 
adding nitric acid, drop by drop, to the boiling solution. The beaker is 
then removed from the flame, 10 c.c. of a cold, saturated solution of lead 
acetate and a few grams of sodium acetate immediately added in order 
to completely precipitate the lead vanadate. The heating is continued 
for a short time on the water-bath until the precipitate has settled, 
when it is filtered off and washed with hot water slightly acidified with 

1 Belohonbek’s method, Z. anal . Chem. 1872, n, 179. 

3 A H. Low, Technical Methods of Ore Analysis , 1905, p. 204. 
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acetic acid. No vanadium is contained in the filtrate, but the lead 
vanadate may retain some uranium. The precipitate is washed from 
the filter paper into a beaker, and dissolved, together with the residue 
on the filter paper, in the smallest possible quantity of nitric acid, the 
solution diluted, a few cubic centimetres of lead acetate solution and a 
sufficient quantity of sodium acetate (5 to io g.) added, and the lead 
vanadate, now free from uranium, filtered off. The filtrate is united 
with that first obtained and kept for the determination of the uranium. 

For the estimation of the vanadium, the lead vanadate is dissolved 
in nitric acid (< cf also p. 334, Roscoe’s method), and the lead removed 
from the solution by adding excess of sulphuric acid and filtering. The 
filtrate is boiled down in a flask until the sulphuric acid is evaporated off, 
taken up with water, sulphur dioxide passed in, the excess boiled off, 
and the vanadium tetroxide titrated with permanganate. {Cf The Volu- 
metric Estimation of Vanadium, p. 334,) 

To the solution kept for the estimation of uranium, 10 c.c. of 
concentrated sulphuric acid are added, and the lead sulphate filtered 
off. The filtrate is made slightly alkaline with ammonia, boiled, the 
ammonium uranate which settles collected on a filter paper, and, without 
washing the precipitate, dissolved at once in dilute sulphuric acid (1 : 6). 
The solution is boiled down in a flask until sulphuric acid fumes begin to 
be evolved, and finally, after reduction with zinc {cf Finn’s method, 
p. 339), the uranyl sulphate is titrated with permanganate by 
Belohonbek’s method (p. 340). 

3. Estimation of Vanadium in Furnace-pigs. 1 

A few grams ar% decomposed by moderately heating in a current of 
chlorine, whereby vanadium chloride, as well as molybdenum and some 
iron, pass over into the water in the receiver. Molybdenum is removed 
from the solution by sulphuretted hydrogen, and iron by ammonium sul- 
phide. The vanadium is then precipitated from the filtrate as sulphide 
on adding acetic acid, and converted into the pentoxide by heating 
in the air. 

4. Estimation of Vanadium in Slags. 2 

Four grams of the very finely powdered slag (from the Bessemer 
treatment of pig iron containing vanadium) are decomposed in a few 
minutes by boiling with 60 c.c. of dilute sulphuric acid (1 :f). After 
cooling, the solution is diluted to 80 c.c., and all the iron and vanadium 
oxidised by the addition of 40 c.c. of N / 10 permanganate. The excess 
of permanganate is just removed by dropping in a very dilute ferrous 
sulphate solution, and the vanadium pentoxide then titrated by Linde- 
man n’s method (p. 335). 

1 A. Classen, Ausgewuhlte Methoden der anal. CAemie, igor, vol. i., p, 235. 

2 C. H. Ridsdale,/. Soc. Chem. Ttid., 1888, 7, 73. 
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The estimation of vanadium in pig iron, steel, and ferro-vanadium is 
described in the section on “ Iron,” p. 75. 


MOLYBDENUM 

The most commonly occurring minerals used for the manufacture 
of molybdenum preparations, as well as for the metal itself recently 
employed for special steels, and for the alloy with iron (ferro-molybdenum) 
are : — Molybdenite , MoS 2 , and Wulfenite, PbMo0 4 . The following 
minerals occur to a more limited extent : — Molybdite, MoO s ; Ilseman- 
nite , Mo 3 0 8 ; Molybdurane , U0 2 . U0 3 . 2Mo0 4 ; Molybdo ferrite, FeMo0 4 ; 
Peteraite , FeCoMo 2 0 8 ; Eosite, Pb 3 V 2 Mo0 1( .. The slags of the Mansfeld 
Copper Works also contain a considerable proportion of molydenum. 

METHODS OF ANALYSIS 

The following are some of the analytical methods for molybdenite 
and wulfenite, which h^ve been proved to be satisfactory : — 

x. Estimation of Molybdenum in Molybdenite. 

(a) A. Gilberts Method} — In this method the ore is roasted with 
access of air, dissolved in ammonia, and filtered. The very small quantity 
of molybdenum left in the residue, probably as molybdate, is rendered 
soluble by fusion with sodium carbonate, reduced to the oxide, Mo 2 0 3 , 
by zinc in presence of an excess of hydrochloric acid, and titrated with 
permanganate. 

To carry out the estimation, I g. of the very finely powdered substance 
is weighed into a porcelain boat, which is placed in the middle of a 
combustion tube 60 to 70 cm. in length. The tube is slightly inclined, 
and the middle portion is surrounded by tiles and heated by two 
powerful Bunsen flames. After three to four hours, the ore is com- 
pletely roasted ; only a very small quantity of a sublimate of molybdenum 
trioxide forms inside the tubei When the tube is cold, the boat is 
transferred with the aid of a long wire to a lar^e beaker, and treated 
with not too dilute ammonia, in which the molybdenum trioxide dissolves 
completely after digesting for from two to three hours. The trace of 
the trioxide attached to the tube is carefully loosened, and the tube 
washed with ammonia, which is added to the bulk of the solution. When 
all the trioxide is dissolved, the solution is filtered, and the filtrate 
cautiously evaporated down in a large platinum basin; the basin is 
then covered by the lid, and the dry residue heated to constant weight 
over a rose-burner. The whole of the ammonia is easily driven off, and 
all the molybdenum is converted into the trioxide without loss by 
1 Z. offentl. Chem 1906, 12, 263 ; J Chun. Soc. Abstr ,, 1906, 90, 707. 
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volatilisation. Care must be taken that the bottom of the platinum 
basin does not become more than faintly dull red hot. When the 
weight is constant, the contents of the basin are taken up with ammonia, 
which leaves only a few milligrams undissolved, consisting* chiefly of 
silica, which is weighed and subtracted from the weight of the molybdic 
acid. MoO s X 0*6667 = Molybdenum. 

Of five specimens of the insoluble residue from the roasting process 
which were examined, four still contained very small quantities of 
molybdenum. A simple way of carrying out the qualitative test is to 
fuse with sodium carbonate, take up with hot water (if manganese is 
present, add alcohol), filter, faintly acidify, and add potassium ferro- 
cyanide solution. If molybdenum is present, a characteristic red- 
brown coloration appears immediately. Pufahl has estimated these 
small quantities of molybdenum by von der Pfordten’s method 1 by 
titrating with permanganate, after reducing with zinc and hydrochloric 
acid and diluting with water. (Larger quantities of the dissolved 
trioxide in sulphuric acid solution could not be quantitatively reduced 
to Mo 2 O s even by the use of magnesium (Glasmann).) 2 The solution 
must be strongly acid with hydrochloric acid ; tor less than 50 c.c. of 
molybdenum solution, about 75 c * c - hydrochloric acid (sp. gr. 1*125), 
and not too little zinc (10 to 15 g«) are required. The reduction pro- 
ceeds with great rapidity. The solution is then cooled quickly and 
considerably diluted. The permanganate required for the oxidation of the 
iron contained in the zinc must be determined in a blank experiment. 
The reaction is expressed by the following equation : — 

5 Mo 2 0 3 + 6 KMn 0 4 + 18HCI = ioMoO s + 6MnCl 2 + 6 KC 1 + 9H 2 CX 

A series of experiments with twenty solutions, containing from 20 to 
50 mg. of molybdenum trioxide, gave very good results. Before 
titration, it is advisable to add a considerable quantity of concentrated 
manganous sulphate solution (200 g. of the crystallised salt in a litre) 
to the dilute solution, as is done in the titration with permanganate 
of ferrous solutions containing hydrochloric acid. In cases where the 
practical yield of molybdenum is to be determined, the fusion of the 
residue, etc., may be omitted. 

(b) Alternative Method .— Five grams of a finely powdered good 
sample are boiled down in an Erlenmeyer flask with 50 ^*^* 
concentrated nitric acid to about 10 c.c., the residue carefully taken up 
with ammonia, and warmed until all the molybdenum trioxide is 
dissolved. The solution is then washed into a litre flask, mixed with 
50 c.c. of strong ammonium sulphide solution, and sulphuretted 
hydrogen passed in until the solution has acquired a deep brown-red 

1 Ber., 1882, 1 5, 1928 ; /. Chew. Soc. Ahstr., 1883, 44 > I22 * 

2 Ben, 1905, 38, 604 ; /. Soc. Chem . Ind., 1905, 24, 251. 
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colour. The solution is now made up to the mark, well shaken, and an 
aliquot part, corresponding to about 05 g- of the substance, filtered 
through a dry filter. Molybdenum sulphide and sulphur are then 
precipitated by adding a slight excess of dilute sulphuric acid, filtered 
off, washed with hot water, dried, the filter paper incinerated in a Rose’s 
crucible at a moderate temperature, the sulphide and a little sulphur 
added, heated, and finally ignited for a quarter of an hour in a current 
of hydrogen. MoS 2 X 0-5996 = Molybdenum. 

Note \ — Molybdenite should be nearly pure, and contain as little as 
possible of other sulphides, especially sulphide of copper. 

(c) Technical Valuation of Molybdenite. — For the technical valuation 
of molybdenite, H. Borntrager 1 digests about 1 g. of the finely ground 
molybdenite in an Erlenmeyer flask with 25 c.c. of concentrated nitric 
acid until the ore is completely decomposed (about two hours), and then 
drives off the nitric acid completely. The residue is extracted* with 
ammonia, the solution filtered, the residue again treated with nitric acid 
and then with ammonia; the filtrates are mixed and evaporated to 
dryness with nitric acid. The residue, consisting of molybdic acid and 
ammonium nitrate, is^treated with 50 per cent alcohol to remove the 
ammonium nitrate, the molybdic acid collected on a weighed filter paper 
and weighed, after drying at ioo° ; or, it is dissolved in 50 c.c. of 
standard ammonia solution, and the excess of ammonia titrated back 
with sulphuric acid. By this means the practically available content of 
molybdenum is found. Mo0 3 x 0-6667 = Molybdenum. 

2. Estimation of Molybdenum in Wulfenite. 

(a) Sulphuric Acid Method? — Half a gram of the substance, in the 
form of very fine powder, is heated for about twenty-four hours on a 
boiling water-bath, with 25 c.c. of sulphuric acid of sp. gr. 1-25, to which 
a few drops of nitric acid have been added. The solution is diluted 
with water, filtered, and the residue washed with water containing 
sulphuric acid. The filtrate from the lead sulphate is mixed with excess 
of ammonia, ammonium sulphide added, sulphuretted hydrogen passed 
in for a long time, and the analysis completed as in Method 1 ( b). 

In principle this method corresponds to that Of C. Friedheim. 8 

(b) Method of the Bleiberg Mines Union , Klagenfurth % for Wulfenite , 
Slags , and Residues containing Lead, — Half a gram of the finely 
powdered substance is heated for about an hour with nitric acid, 
diluted with its own volume of water, in a covered porcelain basin on 
a sand-bath. A few cubic centimetres of sulphuric acid are then added, 
the mixture evaporated on the water-bath, and finally on the sand-bath, 

1 Z, anal ’ Chem ti 1898, 37, 438 j J Soc . Ckem, fnd. 7 1898, 17, 1184. 

2 Private communication from Dr C. Ahrens to Prof. Pufahl. 

3 Cf. £er. t 1895, 2 8, 2061 ; 1896, 29, 2981 ; J, Soc , Ckem. Ind 1896, 15, 220 ; 1897, 263. 
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until sulphuric acid fumes are evolved, then diluted with water, the 
precipitate allowed to settle, filtered off, and washed with water 
containing sulphuric acid. The filtrate is diluted to 500 to 600 c.c., 
excess of ammonia and then 25 c.c. of yellow, freshly" prepared 
ammonium sulphide added, filtered, heated, and dilute hydrochloric 
acid added, drop by drop, until the reaction is just acid. After boiling 
for a quarter of an hour, the very voluminous coarsely flocculent pre- 
cipitate should settle quickly, and the liquid be quite colourless. 
A blue or brown colour shows the presence of molybdenum, which 
must be precipitated by sulphuretted hydrogen. The precipitate is 
filtered off, washed with hot water, dried, and separated from the filter 
paper, which is ignited by itself in a porcelain crucible. The precipitate 
is then added, the sulphur carefully burnt off, and the residue heated, 
at first gently, and finally more strongly, until the whole mass is 
converted into long yellowish white crystals of molybdic acid. 

(c) Fusion Method . — This method is applicable both to wulfenite and 
molybdenite. One-half to one gram of the finely ground ore, dried at 
ioo°, is fused in a porcelain crucible with six times the weight of 
sodium carbonate and sulphur. The fusion is extracted with water, 
the solution filtered, acidified with hydrochloric acid, warmed for some 
time, the very bulky molybdenum sulphide precipitate containing sulphur 
filtered through a weighed filter paper, and dried till constant A 
considerable portion of this precipitate is then strongly ignited in a 
Rose crucible in a current of hydrogen ; the sulphide is thus converted 
into the black sulphide MoS 2 , and is weighed as such. MoS 2 X 0*5996 = 
Molybdenum. 

♦ 

3. Estimation of Molybdenum in Ferro-molybdenum and in 

Molybdenum steel. 

Cf. the section on “ Iron,” p. 74. 

4. Detection of small quantities of Molybdenum in Ores, etc. 

A few centigrams of the fine powder are heated on a porcelain lid 
with a few drops of distilled sulphuric acid until it fumes strongly ; 
molybdenum, if present, dissolves as oxide, producing a deep blue colour. 


ALUMINIUM 

Commercial aluminium always contains some silicon, iron, and a 
little copper as impurities; the content of aluminium varies between 
96 and 99 per cent 

Other impurities found are: Carbon, nitrogen, sodium, lead, and 
traces of antimony, phosphorus, and sulphur. A somewhat high content 
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of sodium, according to Moissan, between oi and o- 4 per cent, is 
specially injurious if the aluminium is to be employed for making ships 1 
plates, cooking utensils, drinking flasks, etc. ; as much as 4 per cent has 
been foutfd in some cases (Meissonier). 

A. Technical Analysis of Aluminium 1 

1. Usual Method of Analysis. 

This is restricted to the estimation of the silicon, iron, copper, and 
sodium. 

1. Total Silicon, . — One to three grams of metallic turnings are 
treated in a roomy, covered platinum dish with five to six times the 
weight of chemically pure sodium hydroxide 2 * (prepared from metallic 
sodium) dissolved in 25 to 75 cc. of water. After the first violent 
reaction is over, the contents of the dish are gently warmed, the cover- 
glass (a platinum cover is better) washed, hydrochloric acid added in 
excess, the solution evaporated, the silica rendered insoluble in the 
usual way, the residua dissolved by warming with hydrochloric acid and 
water, the solution cooled, the silica filtered off, and ignited in a 
platinum crucible. After weighing, the result is checked by treating 
the contents of the crucible on the water-bath with a few cubic centi- 
metres of hydrofluoric acid and one drop of sulphuric acid, the solution 
evaporated, the sulphuric acid carefully driven off, and the residue 
strongly ignited and weighed. 

The difference between the two weighings is silica. Si0 2 x 0*4693 = 
Silicon. 

The copper in the filtrate from the silica mtfy be precipitated as 
sulphide by passing in sulphuretted hydrogen* filtered off, dissolved in 
a little hot nitric acid, and the copper in the solution either titrated or 
determined colorimetrically {cf. pp. 173 and 179). The iron may be 
determined by titration with potassium permanganate in the filtrate 
from the copper sulphide, after boiling the solution for half an hour to 
remove the sulphuretted hydrdgen, largely diluting the cooled solution, 
and adding several cubic centimetres of sulphurjc acid, and about 5 to 
10 g. of crystallised sodium sulphate. 

For the determination of the silicon, O. Handy 8 dissolves the 
metallic turnings in a mixture of 100 c.c. of nitric acid 4 (sp.gr. 1*42), 
300 c.c. of hydrochloric acid (sp. gr. 1*2) and 600 c.c. of 25 per cent 
sulphuric acid ; by the use of this acid mixture, none of the silicon is 

1 C/ t R. Seligman and F. J. WiJlott,/. Inst. Metals , 1910, 3, 138. 

2 Regelsberger, “Valuation of Aluminium and its Alloys,” Z angew . Chenu, 1891 4 442 
473 ,* A Chem. Soc. Abstr. } 1893, 64, 48. 

* J* Amcr . Chem. Soc 1896, 18, 766; J. Chem. Soc. Abstr.; 1897, 72, 191. 

4 Cf. Moissan, Comptes rend., 1905, 121, 851 ; Sibbers, Pharm.ZtiL, 1907, 42, 622. 
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evolved as hydride. One gram of the metal is treated in a covered 
porcelain dish with 20 to 30 c.c. of the acid mixture, gently warmed 
until the metal is completely attacked, the solution evaporated, and 
the residue heated until fumes of sulphuric acid are evolved. The 
cooled residue is next warmed for some time with 100 c.c. of 25 per 
cent, sulphuric acid ; 100 c.c. of boiling water are then added, the 
sulphate completely dissolved by boiling, the mixture of silica and 
silicon filtered off, the filter paper ignited in a platinum crucible, the 
residue fused with 1 g. of sodium carbonate, the silica separated from 
the fusion in the usual way (decomposition with hydrochloric or 
sulphuric acid, evaporating, etc.), weighed, and its purity determined 
by evaporating with hydrofluoric acid, etc., as above. The silica thus 
found represents the total silicon content. 

2. Graphitic ( crystalline ) Silicon. — The mixture of silica and silicon 
obtairfed as above from a separate weighing is treated in a platinum 
crucible with several cubic centimetres of hydrofluoric acid and one 
drop of sulphuric acid, the solution evaporated, the sulphuric acid 
driven off, the brown residue (silicon) strongly ignited and weighed, 
after half an hour. The difference between the weight of silicon thus 
found and the weight of total silicon estimated previously gives the 
content of combined silicon. 1 

Since sodium or potassium hydroxide invariably contains silica, it 
should not be used for the determination of silicon in aluminium. 

3. Iron. — According to O. Handy, 1 g. of the metal is dissolved in 
20 to 30 c.c. of the acid mixture described above (1), the solution 
evaporated until sulphuric acid fumes are copiously evolved, the residue 
taken up by warm frig with dilute sulphuric acid, the ferric sulphate 
in the solution reduced by x g. of pure zinc, and the cooled, diluted 
solution titrated with potassium permanganate. 

Eegelsberger 2 dissolves 3 g. of turnings in a 500 c.c. flask in a 
sufficient quantity of 30 to 50 per cent, potassium hydroxide, finally 
warming, adds 200 c.c. of dilute sulphuric acid (sp. gr. 1-16) with 
shaking, boils until the solution clears, -cools, and titrates with per- 
manganate. 

4. Copper. — One gram of turnings are treated in a platinum dish 
with 5 g. of sodium hydroxide and 25 c.c. of water, the solution 
diluted, the residue consisting of copper and iron filtered off and well 
washed, dissolved in a few cubic centimetres of hot, dilute nitric acid, 
the iron precipitated by adding excess of ammonia, the ferric hydroxide 
filtered off, and the copper in the filtrate determined colorimetrically 
(cf. p. 179). In the case of a large content of copper (aluminium is 
frequently alloyed with copper), it is determined by electrolysis. 

O. Handy dissolves 1 g. of turnings by warming with 20 c.c. of 
1 Cf. Hunt, Clapp, and Handy, C/iem. A'ews, 1902, 65, 223, 235. 2 Loc. cit. 
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33 per cent, sodium carbonate solution (five volumes of a cold, saturated 
solution of sodium carbonate diluted with one volume of water), and 
filters the copper and iron off, etc., as above. 

5. Sodium. — Moissan 1 dissolves 5 g. of metal in hot, dilute nitric 
acid (1 : 2), evaporates the solution in a platinum dish, dries the residue, 
and heats it for a considerable time to a temperature somewhat lower 
than the fusion temperature of the sodium nitrate. The aluminium 
nitrate is completely decomposed. 2 The sodium nitrate is extracted 
from the ignited residue by means of hot water, the solution evaporated 
in a porcelain dish, the evaporation twice repeated with hydrochloric 
acid, the thoroughly dried residue dissolved in water, and the chlorine 
in the sodium chloride solution either precipitated or titrated with silver 
nitrate. 

Since some aluminium may easily go into solution as sodium 
aluminate, it is advisable to evaporate the sodium nitrate solution 
with a slight excess of sulphuric acid, to then digest the solution with 
some ammonium carbonate solution, filter, and by evaporating the 
filtrate and igniting the residue in a platinum crucible, to determine the 
sodium as sulphate in the usual way. If it is desired to determine the 
content of sodium by the usual analytical methods, eg., dissolving the 
aluminium in dilute hydrochloric acid, passing in sulphuretted hydrogen, 
filtering, boiling off the sulphuretted hydrogen, oxidising, saturating the 
solution with ammonia, boiling, evaporating the filtrate with several 
drops of sulphuric acid, etc., only absolutely pure water and ammonia 
must naturally be used, and the operation carried out so far as possible 
in platinum vessels. 

€ 

2. More Complete Analysis. 

«► 

This includes the determination of aluminium, carbon, lead, phos- 
phorus, sulphur, arsenic, and nitrogen. 

I. Aluminium . — One to five grams of an average sample are dis- 
solved in a large flask in very dilute hydrochloric acid (1 : 5), finally 
warming, sulphuretted hydrogen passed in, after cooling, the solution 
filtered into a measuring flask, and the filter # paper and precipitate 
washed with water containing dilute hydrochloric acid and sulphuretted 
hydrogen water. After filling up to the mark, a volume of the solution 
corresponding to 0-2 g. of the sample is withdrawn with a pipette, 
the solution run into a large platinum dish, the sulphuretted hydrogen 
driven off by heating, and the iron in the solution oxidised with a few 
drops of bromine water. The solution is then diluted to 200 to 300 cc., 
excess of ammonia added, the dish covered, the contents boiled until 
the ammonia is completely expelled, the precipitate filtered off, washed 

1 Comptes rend., 1895, X2I, 851 ; J. Soc. Chem. Ind., 1896, 15, 136. 

2 Deville, Ann, Chim, Phys 1853, 3, 38. 
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with boiling water until the runnings cease to give a chloride reaction, 
the impure aluminium hydroxide dried, ignited over the blowpipe, and 
weighed. The iron is determined in a separate analysis, and is deducted 
as ferric oxide (cf. p. 347). Al 2 0 3 x 0-5303 = Aluminium. • 

In general practice it is unusual to determine the amount of 
aluminium present, the impurities only being determined and the 
aluminium obtained by difference. 

2. Carbon. — Regelsberger 1 recommends direct combustion in the 
wet way by means of chromic and sulphuric acids ; Corleis’s apparatus 
(cf. Iron, pp. 49 et seq.) is specially suitable for the estimation. 

H. Moissan treats 10 g. of aluminium with concentrated potassium 
hydroxide solution, thoroughly washes the residue containing the 
carbon on an asbestos filter, dries in a porcelain boat, oxidises the 
carbon in a current of oxygen, and collects the carbon dioxide in 
potash bulbs. According to Moissan, aluminium only contains 
combined carbon; he found from 0-08 to 0-104 per cent, in various 
samples. 

Moissan, Gouthiere, and others also recommend the separation of 
the carbon by means of mercuric chloride, accorcfing to Boussingault’s 
method. 

3. Lead. — If the aluminium is dissolved, etc., by Handy's method 
(p* 346)> the lead will be found as sulphate, together with the 
mixture of silica and silicon. The lead sulphate is extracted with a 
hot solution of ammonium acetate, and precipitated from the acetate 
solution either by sulphuretted hydrogen or by potassium chromate. 

4. Phosphorus , Sulphur , and Arsenic are determined, according to 
M. Jean, 2 by dissolving 10 g. of the metal in very dilute hydrochloric 
acid and passing the impure hydrogen evolved into bromine water 
(cf. Determination of "Sulphur in Iron, p. 80). The solution in the 
receiver is divided into two portions ; the sulphur is estimated as barium 
sulphate, the arsenic by precipitation with sulphuretted hydrogen, etc., 
and in the filtrate from the arsenic sulphide the phosphoric acid by 
means of molybdic acid solution. H* Gouthiere 3 determines the 
sulphur by igniting several grams of the finely divided metal in a 
current of pure hydrogen, passing the hydrogen through 2fn ammoniacal 
solution of silver, filtering off the precipitated silver sulphide, washing, 
drying, igniting, and weighing as metallic silver. Ag x o- 1486 = Sulphur. 

5. Nitrogen . — Moissan dissolves a somewhat large sample in pure 
IO per cent potassium hydroxide, distils off the ammonia formed 
into dilute hydrochloric acid, and estimates it colorimetrically with 
Nessler's solution. 

1 Loc. at. 2 Campredon, Guide pratique du Ckimiste Metallurgiste , p. 271. 

3 Ann. de Ckemie analyi ,, 1 [14], 265 ; J Soc. Chem. Ind.^ 1896, 15, 830. 
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B. Aluminium Alloys 

Alloys of aluminium with nearly all the heavy metals are known. 
The iron •aluminium alloys (ferro-aluminium) and the copper aluminium 
alloys, or aluminium bronzes, are of special importance. 

I. Aluminium with Copper. — Three to eight per cent of copper is 
added to aluminium to increase the strength ; many useful articles are 
made of such alloys. Alloys rich in copper (with 20 to 40 per cent.), 
prepared in the electric furnace at aluminium works, do not come into 
commerce, but are used for the manufacture of aluminium bronzes 
(cf. infra). 

Determination of Copper (cf p. 346). — The washed residue left after 
treating the metallic turnings with sodium hydroxide or with 33 per 
cent, sodium carbonate solution is dissolved in hot, dilute nitric acid, 
and the copper deposited from the solution electrolytically. Alloys 
containing more than 8 per cent of copper are dissolved in dilute nitric 
acid, the solution evaporated with excess of sulphuric acid, the residue 
taken up with water, the silica filtered off, and the filtrate electrolysed. 

For alloys with more than 50 per cent, of aluminium, the following 
method is convenient (Bannister) : — The alloy is treated with dilute 
hydrochloric acid, when a vigorous action sets in and all the aluminium 
goes into solution, whilst the copper is separated in a spongy form. If 
the copper is filtered off as soon as the evolution of hydrogen ceases, 
none will be left in the solution, but should any remain, it is precipitated 
by means of sulphuretted hydrogen. The whole of the copper is then 
dissolved in nitric acid and electrolysed in the usual manner. 

2. Aluminium with Nickel and Copper.— Aiuminium is alloyed 
with up to 3 per cent, of nickel, and at the same time some copper is 
added. 

Determinatio?i of Nickel and Copper , — One to five grams of turn- 
ings are decomposed as described under 1, the copper deposited 
electrolytically from the nitrate solution, the solution from the copper 
evaporated with excess of sulphuric acid until fumes of sulphuric acid 
begin to be evolved, the cooled residue dissolved in 20 to 50 c.c. of 
water, a large excess of ammonia added, an 3 the nickel separated 
electrolytically. 

3. Aluminium with Manganese.— Five grams of turnings are treated 
in a large flask with 50 c.c. of water, to which small quantities 
of hydrochloric acid are added, until the metal is completely dissolved. 
One c.c. of nitric acid (sp. gr. 1*4) and 5 c.c. of sulphuric acid are 
then added and the solution boiled down, the syrupy residue taken 
up with water, nearly neutralised with sodium hydroxide, poured into 
a litre flask, a small excess of moist, precipitated zinc oxide added, the 
contents of the flask made up to the mark, shaken for some time, and 
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the manganese, in a portion of the liquid after filtration through a dry 
filter paper, titrated according to Volhard’s method {cf Iron, pp. 34 
et seq .). If the manganese content is very low, the hydrochloric acid 
solution from 5 to 10 g. of metal is evaporated, the residue repeatedly 
boiled with strong nitric acid, and, after a fresh addition of nitric acid, 
the manganese separated as hydrated peroxide by means of potassium 
chlorate, according to Hampe’s method ; the precipitated oxide is 
washed, dissolved in an acid solution of ferrous sulphate of known 
strength, and the excess of ferrous sulphate titrated back (cf Iron, pp. 161 
et seq.). 

4. Aluminium with Tungsten. — The content of tungsten generally 
amounts to less than 2 per cent. 

Five grams of the alloy are dissolved in dilute hydrochloric acid 
(1 :2), 20 c.c. of strong nitric acid added, the solution boiled down, the 
residue taken up with 50 c.c. of ordinary hydrochloric acid and 100 c.c. 
of water, boiled for from one to two hours, the mixture of silicon, silica, 
and tungstic acid filtered off, washed, the filter paper and contents 
ignited, fused with sodium carbonate, and the melt repeatedly 
evaporated to dryness with hydrochloric acid. After finally heating 
the residue to about 150°, it is allowed to cool, heated on a boiling 
water-bath with 20 c.c. of hydrochloric acid, 50 c.c. of water added, the 
mixture of silica and tungstic acid filtered off, washed, the filter paper 
and contents ignited in a platinum crucible, the silica removed by 
evaporating with several cubic centimetres of hydrofluoric acid and 
one drop of sulphuric acid, the sulphuric acid driven off, and the pure 
tungstic acid ignited and weighed. W 0 3 x 0-793 1 = T ungsten. 

5. Aluminium with Chromium. — Five grams of the alloy are dis- 
solved in hydrochloric acid, the solution boiled down with an excess 
of sulphuric acid (18 c.c.) until the hydrochloric acid is completely 
driven off, diluted with 100 c.c. of water, the greater part of the free 
acid neutralised with sodium hydroxide, 5 to 10 c.c. of potassium 
permanganate solution 1 (1 c.c. = 5 mg. Fe) added, the solution boiled 
for five minutes, filtered through a dense filter paper, and the precipitate 
washed with boiling water. All the chromium in the alloy is contained 
in the yellow solution as chromic acid. The cooled solution is acidified 
with dilute sulphuric acid, a weighed quantity (an excess) of ferrous 
ammonium sulphate added, the solution stirred, and the excess of ferrous 
sulphate in the colourless solution titrated back with a solution of 
permanganate ( cf. p. 323); 335-1 parts of iron correspond to 104-2 parts 
of chromium ; 100 parts of ferrous ammonium sulphate contain 14-247 
parts of iron. 

6. Iron-Aluminium Alloys (Ferro-aluminium and Ferro-silicon- 
aluminium). 

1 Cf. H. Peterson, Chem. News, 1884, 50, 210 j J. Soc . Ckem, Ind ., 1885, 4, 244. 
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These alloys contain up to 15 per cent, of aluminium (generally 
10 per cent) and up to 15 per cent, of silicon ; they are used in large 
quantities as additions to cast iron and for the deoxidation of steel. 
The content of aluminium is best determined either by J. Rothe’s ether- 
separation method (cf t Iron, pp. 9-11), or by Baudisch’s “ Cupferron ” 
method (p. 172). 

7. Copper-Aluminium Alloys (Aluminium bronzes). — Of these 
alloys, those containing approximately 5 and 10 per cent, of aluminium 
respectively possess valuable properties and are of wide application. 

For their analysis, x g. of turnings is dissolved in a covered 
porcelain dish by warming with 10 c.c. of nitric acid (sp. gr. 1*2), the 
solution evaporated with 10 c.c. of 50 per cent sulphuric acid, and the 
residue heated until sulphuric acid fumes are evolved. The cooled 
residue is warmed for some time with 30 c.c. of water, the solution 
cooled, and the silica filtered off. Any lead present is found as sulphate 
with the silica ; it is dissolved out with a hot solution of ammonium 
acetate, and the lead precipitated with sulphuretted hydrogen and 
estimated as sulphate (cf. p. 222). The washed silica is dried, ignited, 
and weighed. Si 0 2 X 0-4693 = Silicon. 

The copper is deposited electrolytically in the filtrate from the silica, 
after the addition of a small quantity of nitric acid (0-5 c.c.) ; the solution 
from the copper is largely diluted, saturated with ammonia, boiled, and 
the aluminium separated as hydroxide containing iron, and estimated 
as described under 2, i. The ignited mixed oxides are fused up with 
six times their weight of acid potassium sulphate, the cooled fusion 
dissolved in hot, dilute sulphuric acid, reduced with zinc, the iron 
titrated with permanganate, calculated to ferric oxide, and subtracted 
from the impure alumina. 

8 . Magnesium-Aluminium Alloys.— Such*alloys, known as “ Mag- 
nalium,” have recently been recommended as specially strong and of 
low specific gravity. (The specific gravity of cast aluminium is 2-64, 
that of magnesium 1*75.) 

For their analysis, 1 g. ofc the alloy is dissolved in the acid mixture 
recommended by O. Handy (p. 346), the silicon determined, sulphur- 
etted hydrogen passed into the filtrate from the silica, any precipitated 
copper sulphide filtered off, and the filtrate diluted to 300 c.c. ; 100 c.c. 
are boiled to expel the sulphuretted hydrogen, the solution cooled, 
and the iron titrated with permanganate. Two hundred c.c. are 
similarly freed from sulphuretted hydrogen, a few cubic centimetres of 
bromine water added to oxidise the ferrous sulphate, the solution cooled, 
neutralised with sodium carbonate, 30 c.c. of concentrated ammonium 
acetate solution added, largely diluted, the aluminium and iron precipi- 
tated by boiling, and the magnesium in the evaporated filtrate separated 
as usual with phosphoric acid and ammonia. The weight of ferric 
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oxide found by the estimation of the Iron is deducted from the weight 
of ignited alumina containing ferric oxide. The magnesium is weighed 
as magnesium pyrophosphate. Mg 2 P 2 0 7 x 0-2185 = Magnesium. 

9- Solders for Aluminium and Aluminium Bronzes, etc.— 
Numerous alloys are used as “solders,” e.g. y an alloy of silver and 
aluminium which melts easier than aluminium; or an alloy often parts 
of aluminium with ten parts of 10 per cent phosphor-tin, eighty parts 
of zinc, and two hundred parts of tin. In addition, alloys of tin and 
aluminium ; of tin, zinc, aluminium, copper, and silver ; of zinc, aluminium, 
copper, etc., are employed. Recently, cadmium has been frequently 
introduced into aluminium solders. The procedure for the analysis is 
necessarily dependent on the result of the qualitative analysis. 

In the analysis of scrap aluminium* constituents of the solder are 
usually found, and must be taken into account. 

For commercial scrap aluminium, the following procedure is 
recommended by Kluss ; the determination of the silicon is carried 
out as described under 1, 1 : — One to two grams of the turnings are 
dissolved in dilute hydrochloric acid, small quantities of potassium 
chlorate being finally added, the solution evaporated to separate the 
silica, the residue taken up with hydrochloric acid and water, the silica 
and silicon filtered off, and sulphuretted hydrogen passed into the 
filtrate. The precipitated sulphides are collected on a small filter 
paper, washed, washed off the paper into a beaker, the precipitate 
adhering to the paper dissolved off in hot, dilute nitric acid, the sulphides 
boiled with nitric acid, the solution diluted with hot water and again 
boiled. After settling, the impure tin oxide is filtered off through the 
filter paper previously used, ignited, and weighed, then fused up with 
sodium carbonate and sulphur (or dehydrated sodium thiosulphate), 
the product extracted with hot water, any copper sulphide and lead 
sulphide remaining behind dissolved in nitric acid, and the lead 
separated and weighed as sulphate, which is deducted from the original 
weight of impute tin oxide. The copper is deposited electrolytically 
in a platinum crucible from the acid filtrate from the lead sulphate. 
The solution from the copper may still contain cadmium, which is 
precipitated with sulphuretted hydrogen, and finally weighed as cadmium 
sulphate (cf p. 303). 

The filtrate from the first precipitation with sulphuretted hydrogen 
is boiled to expel the sulphuretted hydrogen, after cooling, a few drops 
of Congo red added, and ammonia added, drop by drop, until the blue 
coloration is just turned red. Two grams of ammonium sulphate are 
then added, sulphuretted hydrogen passed in for one hour, and the 
precipitated zinc sulphide estimated as such (cf p. 288). The sulphur- 
etted hydrogen is boiled off from the filtrate from the zinc, a few drops 
of bromine water being finally added, the solution cooled, diluted to 
II 
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500 c.c., and one portion used for the combined determination of 
aluminium and iron ; a second portion is evaporated with hydrochloric 
acid, the residue taken up with hydrochloric acid and water, potassium 
iodide added, and the free iodine titrated with standard sodium thio- 
sulphate, thus determining the content of iron. 

10. Aluminium Brass. — This is analysed by the method described 
on pp. 216 et. seq . 


THORIUM 

Owing to the extended use of thorium nitrate in the manufacture 
of incandescent gas mantles, the raw materials from which it is prepared, 
especially monazite sand, have become important articles of commerce, 
and their valuation has frequently to be carried out 

An average sample of from 1 to 5 g. suffices for the analysis ; in the 
laboratories of factories where thorium nitrate is manufactured, it is 
usual, before buying, to make an experiment on a manufacturing scale 
with 10 to 20 kg. of raw material, from which the yield of thorium 
nitrate is estimated. 

Analysis of Thorite (also known as Orangite, Monazite, etc.). — This 
is best effected by the method worked out by E. Hintz and H. Weber. 1 
One gram of the very finely powdered substance is decomposed by 
warming with 10 to 15 c.c. of fuming hydrochloric acid, and the solution 
evaporated to dryness to separate silica. The residue is moistened with 
2 c.c. of concentrated hydrochloric acid, digested, water added, and the 
silica filtered off. To separate copper and lead, sulphuretted hydrogen 
is passed in, the -solution filtered, the sulphuretted ffydrogen removed by 
boiling, the liquid diluted with 2 00 c.c. of water^heated, and precipitated 
with a solution of x g. of oxalic acid. After standing for two days, the 
precipitate (thorous oxalate, cerous oxalate, etc.) is filtered off, thoroughly 
washed, and treated for several hours in a boiling water-bath with 60 c.c. 
of a cold, saturated solution of ammonium oxalate. The solution is 
then diluted with 300 c.c. of $ater, filtered, after standing for two days, 
and the residue washed with water containing.a trace of ammonium 
oxalate. The extraction of the oxalates is repeated with quantities of 
20 c.c. of ammonium oxalate solution, saturated in the cold, as long as 
weighable precipitates of thorous oxalate are obtained by acidifying 
the filtrate (100 cc. each time) with r*7 c.c. of hydrochloric acid. The 
filtrate is mixed with 5 c.c. of strong hydrochloric acid, heated, and after 
standing for two days the separated thorous oxalate is filtered off, 
washed with water faintly acidulated with hydrochloric acid, dried, 
ignited to thorium oxide (Th0 2 ), and weighed The precipitate is 

1 Z. anal. Cfam„ 1897 , 36 , 27 ; J Soc. Chem . Ind., 1897 , 16 , 357 . 
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always contaminated with traces of the oxides derived from cerite and 
yttria. For their separation, the ignited oxide is fused with potassium 
hydrogen sulphate, the melt dissolved in water containing hydrochloric 
acid, the solution diluted, precipitated with ammonia, the precipitate 
filtered off, washed, dissolved in hydrochloric acid, and the solution 
evaporated. The residue is taken up with water and two to three drops 
of ordinary hydrochloric acid, diluted to 300 c.c., 3 to 4 g. of sodium 
thiosulphate added, and the solution boiled for a few minutes. After 
cooling, the precipitated thoria is filtered off and washed. The filtrate is 
precipitated with ammonia, the precipitate washed thoroughly on the 
filter, dissolved in hydrochloric acid, the solution evaporated to dryness, 
the residue taken up with a little water, boiled, hot, concentrated 
ammonium oxalate solution added, and the boiling continued for a few 
minutes; the solution is then considerably diluted and allowed to 
stand for a long time in the cold. The separated oxalates of the 
cerite oxides and of yttria are then filtered, ignited, and the weight 
of the oxides subtracted from that of the oxide from the impure 
thoria. # 

Monazite Sand can also be analysed by this method, but on account 
of its small content of thoria (rarely above 6 to 8 per cent.), a larger 
quantity, from 5 to 20 g., should be taken for analysis. The very fine 
powder is usually decomposed by prolonged heating to about 200° 
with an equal weight of concentrated sulphuric acid, and the cold 
solution transferred, in small portions at a time, to water cooled with 
ice. The extraction with boiling ammonium oxalate solution must be 
repeated many times, since relatively little thorous oxalate requires to 
be extracted from ^ large quantity of oxalates of the ceria oxides 
and of yttria. 

Determination of Thorium in Monazite Sand. — E. Benz 1 
recommends the following shortened method : — Half a gram of 
“ bagged ” monazite sand is intimately admixed in a platinum 
crucible with 0*5 g. of sodium fluoride, and gradually heated with 10 g. 
of potassium pyrosulphate until the fusion is tranquil, the lid being 
kept on the crucible. # The heating is best carried out- # by fixing the 
platinum crucible, by means of an asbestos ring, into a large porcelain 
crucible. When the evolution of gas has ceased, the contents of the 
crucible are further heated to a dull red heat for about fifteen minutes 
over a free flame, after which the fused mass is lixiviated on the 
water-bath with water and hydrochloric acid. After settling, the 
solution is filtered off, the residue again boiled with concentrated 
hydrochloric acid, the solution diluted, and again filtered. The greater 
part of the free acid in the filtrate (about 300 c.c.) is neutralised with 
ammonia (the neutralisation must not be carried too far, since if a 
1 Z angew . Chtm ., 1902 , 15, 297 ; J. Soc . Chew . Ind., 1902 , 21, 563 . 
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precipitate is formed, it is very difficult to redissolve), and 3 to 5 g. of 
ammonium oxalate are added to the boiling solution, the solution being 
vigorously stirred with a glass rod ; the oxalates settle immediately as 
a coarse granular precipitate. The solution is always tested to see 
if a further addition of ammonium oxalate produces any precipitate. 
After standing overnight, the oxalates are filtered off, washed with 
hot water, and washed off the filter paper into a porcelain dish with the 
smallest possible quantity of water. The filter paper is repeatedly 
washed with hot, concentrated nitric acid and water, and then the 
contents of the dish evaporated nearly to dryness on the water-bath. 
Several cubic centimetres of pure nitric acid are first added to the 
residue, then 10 c.c. of fuming nitric acid, the dish covered with a clock- 
glass, and again placed on the water-bath. When the evolution of gas, 
due to the decomposition of the oxalates, has quite ceased, the clock- 
glass and the sides of the dish are washed down with water, and the 
solution evaporated to dryness. In order to completely drive off all 
the free nitric acid, the evaporation is repeated with 20 c.c. of water. 
The residue is then taken up with 20 c.c. of water, the solution freed 
from impurities by filtering, several cubic centimetres of a saturated 
solution of ammonium nitrate added to the filtrate, the solution diluted 
to 100 c.c., heated to Co° to 80", and the thorium precipitated as 
peroxide by the addition of about 10 c.c. of distilled 2 to 3 per 
cent, hydrogen peroxide. The precipitate is filtered off, washed, 
partially dried, the filter paper and precipitate placed in a platinum 
crucible, the crucible first gently heated with the lid on, and the 
temperature then gradually increased, the lid removed, and the crucible 
finally strongly ignited and the contents weighed as thorium oxide. 
Th0 2 x 0-8790 = Thorium. 

Three analyses, carried out on 0-5 g. of ‘substance, gave a mean 
percentage of 4-Co of thorium oxide in a monazite sand; these results 
agreed extremely ■well with the figures obtained (4-59 and 4-63 per 
cent), using an extended method of analysis. 1 

Thorium Nitrate. — The good commercial product consists of a dry 
crumbly white salt-like material which, on strong ignition, leaves a 
47 to 49 per cent, residue of snow-white and very bulky thorium oxide. 
The product is never chemically pure; it always contains recognisable 
quantities of other rare earths, and usually also traces of iron, calcium, 
and magnesium oxides, alkalis, and sulphuric acid. 




1 E. Benz, he, cii. 
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TANTALUM 

This metal is now of considerable importance, owing to its extensive 
use in metallic filament electric lamps. 

The chief minerals are 1 : — Tantalite , a tantalate of iron and 
manganese, FeMnTa 2 0 6 , which often contains small quantities of 
calcium, cupric oxide, etc. ; and Y ttrotantalite , 5 Y 0 .Ta 2 0 5 . In addition, 
tantalum occurs with columbiutn in several minerals, of which Columbite 
is the most important, which often contains tantalum (in some cases up 
to 50 per cent Ta 2 0 5 ) ; Hatchettolite is chiefly a tantalo-columbate of 
uranium ; Fergusonite consists mainly of columbate and tantalate of 
yttrium. 


Methods of Analysis 2 

1. Rammelsberg’s Method. 

Usually the mineral, in the finest possible powder, is decomposed by 
fusing with eight to ten times its weight of potassium hydrogen 
sulphate, and the fused mass extracted with boiling water, which 
dissolves the sulphates of iron, manganese, and possibly copper; the 
residue consists of tantalum pentoxide, Ta 2 0 6 , and columbic oxide, 
Cb 2 0 5 , frequently contaminated by stannic oxide, tungsten trioxide, 
and silica. In the latter case the tin and tungsten are extracted by 
digestion with ammonium sulphide, the residue filtered off, washed with 
water containing ammonium sulphide, any ferrous sulphide produced 
removed by hot hydrochloric acid, and the silica finally volatilised 
with hydrofluoric and sulphuric acids. The “ earth acids ” purified in 
this way are dissolved, by warming, in strong hydrofluoric acid, 
potassium hydrogen fluoride added (according to A. Tighe, 3 preferably 
double the supposed weight of the metals), when the tantalum separates 
from the sufficiently concentrated solution in the form of difficultly 
soluble (1 : 200 in water) crystalline needles of tantalum potassium 
fluoride, whilst the corresponding columbium compound remains 
dissolved. * * 

This separation by fractional crystallisation gives tolerably accurate 
results. By heating the double fluoride to 400° with an equal weight of 
concentrated sulphuric acid, extracting the residue with boiling water, 
and strongly igniting it, finally, after adding ammonium carbonate, pure 
tantalic acid is obtained. Ta 2 0 5 x 0-819 = Tantalum. 

The actual decomposition of tantalite can be effected by fusing the 
powdered ore with potassium carbonate at a high temperature or with 

\Cf. Mineral Industry, 1909, 17, 799 * 2 Cf. Pogg. Ann., 1872, 146, 56. 

8 J. Soc. Chenu Ind. y 1906, 25, 681. 
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potassium hydroxide, when readily soluble potassium tantalatc and 
columbate are formed (of. infrb, Methods of Giles and of Simpson). 

2. Kunheim & Co.’s Method. 1 

Twenty grams of the material in the finest powder are heated for 
about an hour with 200 g. of potassium hydrogen sulphate in a platinum 
basin, at first over a low flame, and finally fused over the blowpipe. The 
fused mass is extracted with a considerable volume of boiling water, the 
residue collected on a filter, and after washing, treated with hydrofluoric 
acid (20 per cent). If it does not dissolve completely, the fusion with 
bisulphate, etc., must be repeated. The hydrofluoric acid solution is 
warmed to about yo°, and a cold, saturated solution of potassium 
hydrogen fluoride added as long as a precipitate of tantalum potassium 
fluoride results ; this is easily observed, as the precipitate settles 
rapidly. While the solution cools, it must be carefully examined for fine 
needles (of columbium potassium fluoride) on the edge of the basin, which, 
if formed, must be filtered off at once ; otherwise, the basin is allowed 
to stand for two hours. Filtration is preferably carried out by suction, 
in a vulcanite funnel provided with a sieve plate. The residue is then 
washed with a small quantity of cold water and allowed to stand for a 
time. 

The filtrate is evaporated to half its volume ; if a further precipita- 
tion occurs, it is assumed to be chiefly potassium tantalum fluoride, and, 
after filtering and washing, is added to the bulk of the precipitate. 

The tantalum precipitates, whilst still in a moist state, or if much 
tantalum is present, previously dried, are stirred up with concentrated 
sulphuric acid in a platinum basin, and the sulphraric acid completely 
evaporated off. The residue is extracted with boiling water, filtered, the 
residual crude tantalic acid again dissolved in hydrofluoric acid, and the 
precipitation with potassium hydrogen fluoride repeated. 

The purified potassium tantalum fluoride, K 2 TaF 7 , is decomposed by 
concentrated sulphuric acid, the residue extracted with boiling water, 
filtered off, and the dried residue strongly ignited, and the ignition 
repeated after addition of ammonium carbonate to ensure the removal 
of the residual trace of sulphuric acid. The residue is then weighed as 
tantalum pentoxide, Ta 2 0 6 . 

The determination of columbium is effected by precipitating the 
filtrates from the potassium tantalum fluoride with ammonia. The 
precipitate is filtered off, washed, evaporated with sulphuric acid, the 
residue extracted with boiling water, and the columbic acid weighed 
after strong ignition, finally with ammonium carbonate. Cb„ 0 6 x 0-7015 
= Columbium. 


1 Private communication to ProkPufahl. 
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3. W. B, Giles' Method . 1 

The finely powdered mineral, intimately mixed with two and a half 
to three times its weight of potassium carbonate, is fused for an 
hour in a steel crucible in a Griffin’s radial gas furnace. "The fused 
mass is easily separated from the crucible ; any tin present clings to the 
sides. The melt is extracted with hot water, when potassium tantalate 
and columbate are easily dissolved ; iron and manganese remain as 
black oxides in the form of a heavy crystalline sand. (In presence of 
much tin, carbon or argol is added.) The volume of the solution is 
about i litre when 25 g. of the substance have been used. Four to five 
c.c. of potassium sulphide solution are added, and the black liquid 
poured into a mixture of 80 to 100 c.c. of concentrated hydrochloric 
acid (rather more than equivalent to the potassium carbonate), diluted 
with about 900 c.c. of water, and the whole heated to separate the acids. 
The precipitate is washed by decantation, dissolved in hydrofluoric acid, 
and separated (as above) by fractional crystallisation. 

4. E. S. Simpson’s Method, 2 

The ore is fused in a nickel or silver crucible with a large excess, about 
twelve times its weight, of potassium hydroxide, the melt extracted with 
water, acidified with hydrochloric acid, the acid hydroxides precipitated 
by boiling (as in Giles’ method), dissolved in hydrofluoric acid, and the 
tantalum separated as the double potassium fluoride from columbium. 
Columbium is precipitated as hydroxide in the filtrate from the potassium 
tantalum fluoride and weighed as Cb 2 O r> . In a second portion (the 
solution first obtained from the melt is divided) the total weight of 
the pentoxides, Ta 2 0 6 + Cb 2 0 5 , is determined, and the quantity of 
tantalic acid obtained by difference. Tin, iron, and manganese are 
determined in the hydrochloric acid filtrate from the mixture of the 
acid hydroxides. 


METALLIC SALTS 
Iron Salts 

Ferrous Sulphate,* FeS0 4 + 7H 2 0 (Green Vitriol).-*The pure salt 
forms light bluish green monoclinic prisms, which quickly effloresce in 
dry air and become opaque; in moist air the crystals oxidise and 
gradually become transformed into yellowish brown basic ferric 
sulphate. 

Ferrous sulphate is insoluble in alcohol, ether, and concentrated 
sulphuric acid; the latter reagent separates FeS0 4 .H 2 0 from concen- 
trated aqueous solutions. It is soluble to a considerable extent in water ; 
one part of the sulphate is dissolved by one and a half parts of cold 
1 Chem, News , 1909, 99, x. 2 Ibid*, 1908, 99, 243. 
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water and one-third part of water at ioo". According' to determinations 
by Gerlach, pure aqueous solutions at 15" contain the following amounts 
of FeS0 4 4- 7H 2 0, expressed in percentages by weight : — 


(T- 

Per cent. 
PoB04-f7H M 0. 

Spec. grav. 

Per cent. 

J«VS0 4 |-71 ToO, 

Spec. grav. 

1 

1*005 

15 

1*082 

2 

1*011 

20 

1*112 

3 

1*016 

25 

1*143 

4 

1*021 

30 

1*174 

5 

1*027 

35 

1*206 

10 

1*054 

40 

1*230 


The content of iron is best determined by titrating a dilute solution, 
acidified with sulphuric acid, with potassium permanganate (cf Vol. I., 
p. 99). 

Intentional adulteration of the salt is not met with. Ferric oxide 
is recognised by adding potassium ferrocyanide or potassium thio- 
cyanate to the dilute hydrochloric acid solution. Copper is detected 
by oxidising the hydrochloric acid solution by boiling with nitric acid, 
precipitating with ammonia, and filtering off the ferric hydroxide ; a 
blue coloration in the filtrate indicates copper. Small quantities are 
more definitely recognised by rendering the ammoniacal filtrate just acid 
with hydrochloric acid, and adding several drops of potassium ferro- 
cyanide, whereby a reddish brown precipitate or cloudiness of copper 
ferrocyanide is produced. If the sulphate contains copper, I to 2 g. are 
dissolved in hydrochloric acid, the solution diluted, sulphuretted 
hydrogen passed In, warmed, the copper sulphide filtered off, the 
ferrous salt in the filtrate oxidised, etc., and the" iron precipitated by 
boiling with sodium acetate. Zinc is detected in the filtrate by the 
white precipitate of zinc sulphide produced on passing sulphuretted 
hydrogen. If a black precipitate of nickel sulphide is produced, it must 
be specially tested for admixture of zinc sulphide. Manganese very 
frequently occurs in ferrous sulphate, and is recognised by the brown 
precipitate produced when the-filtrate from the basic acetate of iron is 
heated with sodium hydroxide and bromine water. In order to detect 
aluminium (tfte presence of which, for many uses of ferrous sulphate, 
is specially detrimental), the iron precipitate is treated in a platinum 
dish with hot, pure sodium hydroxide solution (prepared from metallic 
sodium), the contents of the dish diluted, the precipitate filtered off, 
the filtrate neutralised with acetic acid and then boiled, whereby any 
aluminium present is precipitated. 

Ferric Sulphate, Fe 2 (S0 4 ) s + aq. — This salt is prepared by the 
•oxidation of a hot, concentrated sulphuric acid solution of ferrous 
•sulphate by means of nitric acid. It usually comes into commerce 
dissolved as a brown liquid of sp. gr. 1-45 to 1-53, which is "used in 
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dyeing; it is also less frequently met with in the solid state as a 
whitish salt-like material. 

For the estimation of the approximate strength of solutions (at 15 0 ) 
which generally contain free sulphuric and some nitric acid as impurities, 
Wolff has prepared the following table : — 


Per cent. 

Spec. grav. 

Per cent. 
1^CS0 4 ); } . 

Spec. grav. 

5 

1*0426 

I 35 

1-3782 

10 

1-0854 

! 40 

1*4506 

15 

1-1324 

45 

1*5298 

20 

1*1825 

50 

1*6148 

25 

1*2426 

55 

1-7050 

30 

1-3090 

60 

1*8006 


For the accurate estimation of the content of iron, a weighed 
quantity (about 1 g.) of the solution is diluted with water and sulphuric 
acid, the ferric salt reduced with zinc, and the cooled solution titrated 
with permanganate. In another small quantity of the substance the 
sulphuric acid is determined gravimetrically, preferably by Lunge’s 
method (cf. Vol. I., p. 274). 

The presence of nitric acid in the salt is detected by heating with 
sulphuric acid indigo solution, which becomes discoloured. Ferrous 
sulphate is recognised by the blue coloration given with a solution of 
potassium ferrocyanide, freshly prepared from previously washed 
crystals. Other metals are tested for In the same way as described for 
ferrous sulphate. 

Iron Alum, Fc 2 (S0 4 ) 3 .(NH 4 ).,S0 4 + 24H 3 0 (Ferric ammonium sul- 
phate). — In its pur£ state, iron alum forms amethyst-coloured octa- 
hedra, which dissolve jn three to four parts of cold water. The 
salt may contain small quantities of ferrous sulphate and of nitric 
acid from its preparation ; in dyeing, it is used in such cases as require 
a neutral ferric salt. 

The corresponding potassium salt crystallises in colourless octahedra, 
and is used for the same purposes, but much less frequently. 

Ferric Nitrate solution of a dark reddish brown colour is likewise 
used commercially as an “ iron mordant ” in dyeing, lire strength of 
pure solutions may be determined by their specific gravity. The 
preparation generally contains considerable quantities of ferric sulphate. 
The content of iron and sulphuric acid are determined by the methods 
given for ferric sulphate. For the estimation of the nitric acid, a 
weighed, small quantity of the mordant is largely diluted with water, 
boiled with excess of sodium hydroxide, the filtrate from the ferric 
hydroxide precipitate evaporated, and the nitric acid in this solution 
converted into ammonia,' and estimated by Ulsch’s or other suitable 
method ( cf. Vol. I., p. 31 1). 
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Acetate of Iron, prepared by dissolving iron turnings in crude 
acetic acid, conies into commerce as a greenish black solution, which 
smells strongly of wood tar, and contains the greater part of the iron as 
ferrous salt. Usually, only the specific gravity of this black mordant is 
taken ; this should be approximately M2 to M4. 

Ferric Chloride, Fe 2 Cl G +aq., comes into commerce as a solid yellow 
mass, approximating to the formula Fe 2 C! 0 + I2H 2 0, or as a dark brown 
solution. It is prepared by dissolving wrought iron in dilute hydro- 
chloric acid, evaporating the solution to a sp. gr. of 1-3, and then 
oxidising with nitric acid. On further evaporating the concentrated 
solution, and then allowing to cool, the yellow solid ferric chloride is 
obtained. 

The pure salt must dissolve in' water to a clear solution ; potassium 
ferrocyanide should not give a blue coloration (ferrous chloride). The 
filtrate from the precipitation with ammonia in the hot solution should 
not be coloured blue (copper), and should give no precipitate with 
ammonium sulphide (copper, zinc, manganese). Free hydrochloric 
acid is recognised by the white fumes of ammonium chloride formed 
when a glass rod moistened with ammonia is brought near to a gently 
warmed concentrated solution ; free chlorine or nitrous acid in the 
solution produce a blue coloration, if iodide of zinc and starch paper be 
held close to the surface of the warmed solution. The content of iron is 
best determined by titration with stannous chloride solution (cf p, 32). 
If the salt contains ferrous chloride, this is oxidised in a second sample 
with potassium chlorate, all the chlorine boiled off, and the solution 
titrated as before. The difference between this and the first determina- 
tion of the iron gives the amount of iron present a^ferrous chloride. 

From the specific gravity of solutions of ferric chloride, the content 
of ferric chloride may be ascertained by means of the following table, 
prepared by Franz, for a temperature of I7°*5 : — 


Per cent. 
FcqCIc- 

Spec. gray. 

Per cent. 
Fa./Jltj. 

Spec. gray. 

Per emit. 
FeaCI 6 . 

Spec, grav 

2 

1-016 

22 

1-175 

42 

1-387 

4 

* 1-029 

24 

1*195 

• a 

1*412 

6 

1-044 

26 

1-216 

46 

1-437 

8 

1-058 

28 

1-237 

48 

1-462 

10 

1-073 

30 

1*257 

50 

1-487 

12 

1-086 

82 

1*278 

52 

1-515 

14 

1*105 

34 

1*299 

54 

1-544 

16 

1*122 

36 

1*320 

56 

1-573 

18 

1-138 

38 

1-341 

58 

1 1-602 

20 

1-154 

40 

1-362 

60 

1-632 


Potassium Ferrocyanide (yellow prussiate of potash) and Potassium 
Ferricyanide (red prussiate of potash), cf. Vol. J., p. 555 ; Sodium Ferro - 
yanide, cf Vol. I., p. 563. 
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Aluminium Salts (cf. Vol. I., pp. CoS ct seq .) 

Manganese Salts 

Manganese Sulphate, Manganese Chloride, and Manganese 
Acetate find limited application in dyeing for the preparation of 
manganese bistre. The salts used for this purpose must be free from 
iron, which is readily verified ; a small amount of calcium, which is always 
present, does not matter. 

Potassium Permanganate, KMn0 4 . — The pure salt crystallises in 
dark red rhombic needles which possess a greenish metallic lustre ; it 
dissolves in fifteen parts of cold and in two parts of hot water. A 
product specially prepared for disinfection purposes comes into commerce 
as a green or dark red crumbly mass which contains potassium or 
sodium manganate and permanganate, oxides of manganese, free alkali, 
potassium and sodium nitrate, potassium chlorate, and potassium 
chloride. 

The solution, acidified with sulphuric acid, is qompletely decolorised 
on warming with a little oxalic acid, and also on the addition of an 
aqueous solution of sulphur dioxide ; on the further addition of an 
excess of ammonia and some ammonium sulphide, it gives a flesh- 
coloured precipitate of manganese sulphide. On warming the salt with 
dilute sulphuric acid, any chlorine present (chloride and chlorate) will 
be evolved, and is most easily recognised by means of potassium iodide 
and starch paper. 

Sulphuric acid is precipitated in the usual way with barium chlqride 
solution in a solution of the salt boiled with a large quantity of hydro- 
chloric acid. The amount of potassium permanganate contained in the 
purer products is determined by titrating the very dilute solution with 
standard, acid ferrous sulphate. 

Sodium Permanganate, NaMn0 4 . — This salt is very soluble in 
water, has no tendency to crystallise, and comes into the market as a 
solid crumbly mass and in concentrated solutions. Both products are 
very impure {cf. above^Fotassium Permanganate). 

Chromium Salts 

Potassium Chromate, K 2 Cr0 4 (yellow or neutral chromate of 
potassium, containing 51*49 per cent Cr0 3 ).— The pure salt crystallises 
in citron yellow rhombic pyramids ; its aqueous solution reacts slightly 
alkaline to litmus and neutral to phenolphthalein. It is insoluble in 
alcohol, and is partially decomposed in aqueous solution into potassium 
bichromate and potassium hydroxide. It sometimes contains large 
quantities of the isomorphous potassium sulphate as impurity; the 
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aqueous solution, strongly acidified with hydrochloric acid, then gives a 
precipitate with barium chloride of barium sulphate. For the quantita- 
tive estimation of these impurities, the aqueous solution, acidified 
slightly with hydrochloric acid, is precipitated with barium chloride, the 
precipitate washed by decantation and digested with hydrochloric acid 
and alcohol to dissolve the barium chromate. The content of chromic 
anhydride is determined by strongly acidifying an aqueous solution 
with sulphuric acid, reducing with an excess of ferrous ammonium 
sulphate, and titrating back the excess of ferrous sulphate in the very 
dilute solution with potassium permanganate (cf. p. 29). 

According to Kremers, Schiff, and Gerlach, the specific gravities of 
aqueous solutions at 19°* 5 are as follows: — 


Per cent. 
K 2 Cr0 4 . 

Spec. 

grav. 

Per cent. 

IV0OO4. 

Spec. 

grav. 

Per cent. 
KoCrOj. 

Spec. 

grav. 

Per cent. 
KaOrO* 

Spec. 

grav. 

1 

1*0 08 

11 

1-093 

21 

1*186 

31 

1-292 

2 

1*016 

12 

1-101 

22 

1*196 

32 

1-304 

3 

1*024 

13 

1-110 

23 

1*207 

33 

1-315 

4 

1*033 

U 

1-120 

24 

1*217 

34 

1-327 

5 

1*041 

•15 

1-129 

25 

1*227 

35 i 

1-339 

6 

1*049 

16 

1-138 

26 

1*238 

36 

1-351 

7 

1*058 

17 

1-147 

27 

1*249 

37 | 

1-363 

8 

1*066 

18 

1-157 

28 

1*259 

38 

1-375 

9 

1*075 

19 

1-167 

29 

1*270 

39 

1-387 

. xo 

1*084 

20 

1-177 

30 

1*281 

40 

1 

1-399 


One hundred parts of water dissolve at : — 


o*c. 

Parts 

KoCr0 4 

dissolved. 

0°C, 

Parts 

K 2 CrO. 

dissolved. 

0*0. 

<p» 

Parts 

KyCrO* 

dissolved. 

0 

58*90 

40 

66*98 

* 80 

75-00 

10 

60*92 

50 

69*00 

90 

77-08 

20 

62*94 

60 

71*02 

100 

79-10 

30 

64*96 

70 

73*04 




Sodium Chromate, Na 2 GrO 4 +ioH 2 0 .— This salt, which is very 
soluble in water, crystallises out in yellow needles on cooling a solution 
evaporated ddwn to a sp. gr. of 1-56; the crystals are separated from 
the adhering mother liquor centrifugally. The salt deliquesces rapidly 
and liquefies. Alkali sulphates and carbonates are the chief impurities. 
The content of chromic anhydride is estimated by titration as described 
on p. 322. 

Potassium Bichromate, K 2 Cr 2 0 7 (red or acid chromate of 
potassium, containing 68-00 per cent, of Cr 0 3 ), — This salt comes into 
commerce as fine yellowish red triclinic crystals which are usually 
contaminated with some potassium sulphate, and which also leave a 
small insoluble residue on solution in water. It is fusible, like the 
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neutral salt, at a red heat, and at a very high temperature is decomposed 
into the neutral salt, chromium oxide, and oxygen. The solid salt and 
its aqueous solution arc very poisonous and cauterise strongly. It is 
insoluble in alcohol. 

According to Alluard, one hundred parts of water dissolve at: — 



Parts 


Parts 


Parts 

KtiCroOy 

dissolved. 

t> a 

KiiCryOf 

dissolvent. 

0 c. 

KoCr./) ? 

dissolved. 

. <rc. 

0 

4*6 

40 

2r> -o 

80 

68*6 

10 

7‘J i 

50 

*0 

90 

81*1 

20 

12*1. ; 

1 fiO 

45*0 

100 

94*1 

30 

18*4 | 

! 70 

56*7 




The following strengths of solutions and specific gravities at ig°-s are 
given by Kremers and Gerlach : — 


IVr cent. 

»Sp<*c. grav. 

IVr pent. 

KwCVg< >7. 

Np«*c. grav. 

Per H‘nt. 

1 KyCryt >7. 

Spec. grav. 

1 

X-007 . 

0 

1 *043 

♦ 11 

1*080 

2 

1*015 

7 

1*050 

12 

1*087 

3 

1 *022 i 

8 i 

1*056 

13 

1*095 

4 

1*030 1 


1*065 

14 

1*102 

5 

1*037 j. 

10 

1*073 

15 

1*110 


The commercial product is guaranteed to contain from 67-5 to 68-o 
percent, of chromic anhydride; the chromic anhydride is determined 
volumetrically and the sulphuric acid gravimetrically, as described on 
P- 363. 

Sodium Bichromate, NaXr„0 7 (containing 76-36 per cent. CrO ;j ). — 
The pure salt comes on to the market as red triclinic prisms which 
crystallise with two molecules of water; they are very hygroscopic, 
liquefy easily, melt at just over 100', and lose their water of crystallisa- 
tion at this temperature. It is sold in large quantities, however, in a 
dehydrated condition as a friable mass or in cakes containing sodium 
sulphate and insoluble carbonaceous matter, etc., as impurities ; the 
content of chromic anhydride should amount to from 73 to 74 per cent. 

Pure aqueous solutions have the following specific* gravities and 
percentages of sodium bichromate : — 


Per cent. 
NagCr/fy 

Bpee. grav. 

Per cent. 
NagCrgOf. 

fcjpec. grav. 

1 

1-007 

30 

1-208 

5 

1-085 

35 

1*245 

10 

1-071 

40 

1*280 

15 

1-105 

45 

1*313 

20 

1-141 

50 

1*343 

25 

• 1T71 

1 
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Chromium Fluoride, Cr 2 F G + 8 H 2 0 . — The fluoride and its double 
salts are readily dissociated in aqueous solution with separation of 
chromium hydroxide, Cr(OH) 3 ; they have now been used for some 
years as mordants in the dyeing industry and in printing. 

The fluoride comes on to the market as a dark green powder, stable 
in air; it is dissolved in water in wooden or copper vessels. 

Chromium Acetate, Chromium Chloride, Chromic Sulphate, etc., 
also find extensive application as chromium mordants in dyeing, etc. 

Chrome Alum, Cr 2 (S 0 4 ) 3 .K 2 S 0 4 + 24 H 2 0 (containing 15*24 percent. 
Cr 2 0 3 , 9*43 per cent. K 2 0 , and 32-06 per cent. S 0 3 ). — This salt forms 
large octahedra, which appear black by reflected light and dark violet 
by transmitted light. One hundred parts of water dissolve about 
twenty parts, producing a bluish violet coloured solution; on boiling, 
the solution turns green, and on evaporation, crystals are only formed 
after the concentrated, cold solution has stood for some time. Chrome 
alum is produced in large quantities as a by-product when a mixture of 
potassium chromate and sulphuric acid is used for oxidising purposes, 
e.g. y in the manufacture of anthraquinone. 

The content of chromic oxide is determined by oxidising it to 
chromic anhydride, which is titrated. The solution is made alkaline 
with potassium or sodium hydroxide, small quantities of sodium 
peroxide added from time to time, the excess of peroxide removed by 
warming and passing in carbon dioxide, the cooled solution then 
strongly acidified with sulphuric acid, and the chromic anhydride 
estimated volumetrically as described on p. 322. The presence of 
potassium sulphate as impurity is ascertained by the usual determina- 
tion of sulphuric acid, and by the estimation of^the loss (water) on 
moderate ignition. 

Zinc Salts 

Zinc Sulphate, ZnS 0 4 + 7ll.fi . — In the pure state this salt forms 
colourless, rhombic crystals having a glass-like lustre, which rapidly 
effloresce in dry air, and on quickly heating, dissolve in their water of 
crystallisation. It crystallises from solution at ^o° with six molecules 
of water. Orfheating the salt to a little over 100°, it loses six molecules 
of water, whilst the last molecule is only driven off by gentle ignition. 

On strongly igniting, zinc sulphate is decomposed into zinc oxide, 
sulphur dioxide, and oxygen. The crude salt comes on to the market 
in cakes or in the form of cones, prepared by fusing the crystals. 

The most frequent impurity is manganese sulphate ; less frequently 
it may contain small quantities of the sulphates of copper, iron, calcium, 
magnesium, and cadmium. Manganese and iron are separated by add- 
ing excess of ammonia to the aqueous solution of the salt ; on standing 
with access of air, they are precipitated as hydroxides. 



/-i IN c» saI.TS 

Copper and cadmium are precipitated by passing sulphur 
hydrogen through the aqueous solution acidified with sulphuric 
The negligible impurities of calcium and magnesium sulphates d 
interfere in any way with the technical uses of the salt 
One hundred parts of water dissolve at : — 



Part; h. 

! 

Parts. 

O'C. 

ZnS(> 4 

dissolved. 

dissolved," 

j <rc, 

i 

i 

2nS0 4 

dissolved. 

ZnSOj-mioO 

dissolved. 

0 

43*02 

115*22 

60 

74*20 

313*48 

10 

48*30 

138*21 

70 

79-25 

369*36 

20 

53*13 

101*40 

SO 

84*60 

442*62 

30 

58*10 

100*00 

00 

89*78 

533*02 

40 

50 

63*52 

08*75 

224*05 

263*84 

100 

95*03 

653*59 


Specific gravity and strength of solutions at 15° : — 


IVr cen t. 
Zhh(>4 i TXIyO. 

Spt'C. grav. 

Per cent. 

I ZihSOj-fTilwO. 

Spec. grav. 

_• 

5 

1*029 

; 35 

1*231 

10 

1*059 

f 40 

1*271 

15 ! 

1*091 

45 

1*310 

20 

1*124 

50 

1*352 

25 

1*167 

55 

1*399 

30 

1*193 

60 

1*445 


Zinc Chloride, ZnCL — The anhydrous chloride is a transpa 
white mass of sp. gr. 2-75 (butter of zinc), which is very hygrosc 
very soluble in wat^f and in alcohol, melts at ioo°, and distils 
red heat It withdraws the elements of water from organic substa 
and carbonises wood ; its*concentrated aqueous solution converts p 
into parchment paper and reacts as a powerful caustic. It cc 
into commerce in sticks, which are generally only tested for t 
solubility in water (freedom from oxychloride). The concentr, 
aqueous solutions of zinc chloride, which jare also commercial prodi 
are tested for free acid (decolorisation of ultramarine paper) 
specific gravity. * * 

According to Kramer, the strength and specific gravity of aqu< 
solutions at 19°- 5 are as follows : — 


Per cent. Zn Cl# 

Spec. grav. 

Per cent. 

Spec. grav. 

5 

1-045 

35 

1*352 

10 

1*091 

40 

1*420 

15 

1*137 

45 

1*488 

20 j 

1*186 

50 

1*566 

25 

1*238 

55 

1*650 

, 30 1 

1*291 

60 

1*740 
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Zinc Acetate, Zn(C 2 H 3 0 2 ) a + 2 ^ 0 , is very readily soluble in water, 
and is used as a mordant in dyeing. It is tested for impurities in the 
same way as zinc sulphate. 


Copper Salts 

Copper Sulphate, CuS 0 4 + 5 H 2 0 . — The salt comes on to the market 
as large, bright blue, transparent, triclinic crystals, which in dry air 
become superficially effloresced. As impurities it most frequently 
contains ferrous sulphate, less frequently considerable quantities of 
zinc and nickel sulphates ; it invariably contains traces of bismuth, 
arsenic, and antimony. Usually only iron is tested for, by saturating an 
aqueous solution with ammonia. For an accurate analysis, Hampe’s 
method for the Analysis of Commercial Copper (pp. 192 et seq .) is 
recommended. If the copper is separated electrolytically out of a 
weighed quantity (3 to 5 g.) of the salt, the presence of appreciable 
quantities of arsenic and antimony can be recognised (cf. p. 166). 

On heating to about 200°, copper sulphate loses all its water of 
crystallisation and yields a white, very hygroscopic powder, insoluble in 
alcohol. According to Poggiale, one hundred parts of water dissolve 
at : — 


10 " 

20° 

40 ° 

so* 

m " 

36-9 

4 2 *3 

56-9 

1 iS'O 

203-3 parts CuSCVbsHX) 

20-9 

23*5 

30*3 

53-i 

75-3 » CuS0 4 . 


Strength and specific gravity of solutions at 1 5° : — 


Ter cent. 
CuS0 4 4-5II 2 0. 

Spec. grav. 

Per cent. 
CuS0 4 ~f-6H<A 

Spec. grav. 

Pnr cent. 
C^0 4 +5H li 0. 

Spec. grav. 

1 

1*007 

10 

1*069 « 

19 

1*144 

2 

1*013 

11 

1-070 

20 

1*152 

3 

1*020 

12 

1*084 

1 21 

1*160 

4 

1*027 

13 

1*091 

! 22 

3*169 

5 

1*033 

14 

1*006 

i 23 

1*177 

6 

1*040 

15 

1*114 

J 24 

1*185 

7 

1*048 

16 

1*121 

! 25 

1*193 

8 

1*055 

17 

1*129 



9 

1*062 

TT 

18 

1 T 37 

| 

k . 



Copper Chloride, CuCl 2 (crystallised, CuCI 2 -f 2 tl 2 0 ). — This salt is 
generally only tested for the presence of iron, as in the case of copper 
sulphate, and the content of copper determined either by titrating the 
hot hydrochloric acid solution with stannous chloride or by means of the 
iodide method (pp. 175 et seq.J. Salts of the alkalis (sodium chloride, 
etc.) present as impurities are detected by precipitating the aqueous 
solution of the salt with sulphuretted hydrogen and evaporating the 
filtrate from the copper sulphide. The pure hydrated salt forms 
beautiful green rhombic prisms or needles. The anhydrous* chloride 
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obtained by heating the hydrated salt above xoo° forms a brown, very 
hygroscopic mass ; it is readily soluble both in water and alcohol. 

According to Franz, aqueous solutions at 17°- 5 have the following 
specific gravities and strengths : — 


Per cent. 
CuClo. 

Spec. grav. 

Per cent. 
CuClo. 

.Spec. grav. 

Per cent. 
CuCl 2 . 

Spec. grav. 

2 

1*018 

16 

1-170 

30 

1*362 

4 

1*036 

18 

1*195 

32 

1*395 

6 

1*055 

20 

1-222 

34 

1*429 

8 

1*073 

22 

1-250 

36 

1*462 

10 ■ 

. 1*092 

24 

1'278 

38 

1*495 

12 

1*118 

26 

1-306 

40 

1*528 

14 

1*144 

28 

1-334 




Copper Nitrate, Cu(N0 3 ) 2 -f 6H 2 0. — The compound containing six 
molecules of water of crystallisation, which is obtained at a low tempera- 
ture, melts at about 30°, and forms light blue tabular crystals ; at a 
slightly higher temperature, dark*blue prismatic crystals of the salt are 
obtained, containing three molecules of water of crystallisation which 
melt at 1 1 5 0 , Both salts are readily soluble in water and in alcohol, 
and are very hygroscopic. 

The following substances occur as impurities: — Nitrates of lead, 
zinc, and sodium, and sulphates of copper and sodium. The commercial 
product, not intentionally adulterated, may contain up to 7 per cent, of 
impurities. 

Lead may be separated and estimated as sulphate by evaporating 
the solution with excess of sulphuric acid ; the copper is deposited 
electrolytically in th^ftltrate from thS lead sulphate, and, in the solution 
from the copper, the zin c is precipitated as zinc sulphide with 
sulphuretted hydrogen, after neutralising with ammonia. The filtrate 
from the zinc sulphide is evaporated, the ammonium salts driven off, 
and the calcium, magnesium, and alkali salts determined in the ignited 
residue. For the estimation of the sulphuric acid, a separate portion 
is repeatedly evaporated with hydrochloric acid, and the diluted, hot 
hydrochloric acid solution precipitated with barium chloric^ solution. 

Copper Acetate, Cu(C 2 H 3 0 2 ) 2 . H s O (Crystallised Verdigris). — The 
dark bluish green crystals which come on the market are generally very 
pure and only contain an extremely small quantity of iron as impurity. 

It is tested for purity in the same way as copper sulphate. 

Lead Salts 

Lead Acetate, Pb(C 2 H 3 0 2 ) 2 +3H 2 0 (Sugar of Lead). — The pure 
white sugar of lead crystallises in colourless plates or columns, which 
effloresce in dry air and gradually lose water and some acetic acid and 

n 2 A • £ 
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take up carbon dioxide. The freslily prepared salt dissolves completely 
in water to a clear solution ; the solution of the effloresced salt is milky 
owing to the presence of lead carbonate, which is dissolved up by the 
addition < 3 f a few drops of acetic acid. At 75" the salt melts, at 100 1 ' it 
becomes anhydrous and solid, and again melts at 280". One part of 
the salt dissolves in one and a half parts of water at 1 5'% in one part at 
40°, and in one-half part at ioo°. Alcohol dissolves about one-eighth of 
its weight of the salt ; it is insoluble in ether. I f the solution is pre- 
cipitated with sulphuretted hydrogen, the filtrate from the lead sulphide 
should leave no residue on evaporation (iron). Copper is tested for by 
precipitating a concentrated aqueous solution of the salt with sulphuric 
acid and adding excess of ammonia to the evaporated filtrate from 
the lead sulphate. 

Brown Sugar of Lead . — This product, prepared from crude pyro- 
lignous acid and litharge, comes on to the market in a fused condition 
as irregular lumps. The content of lead is estimated by precipitating 
a solution of the salt with sulphuric acid. 

The content of acetic acid in lead acetate and in lead vinegar is 
determined, according to Salomon, by making the solutions strongly 
alkaline in presence of phenolphthalein by means of standard potassium 
hydroxide solution, and titrating back the excess with a standard 
solution of acetic acid of equal strength, till the disappearance of the 
red colour. The difference gives the acetic acid in combination with 
the lead. Lead vinegar is first acidified with standard acetic acid, 
excess of potassium hydroxide solution then added, and the excess 
titrated back with acetic acid. 

Fresenius adds a measured small excess of%sulphuric acid to a 
solution of 5 g. of lead acetate in water in a 250 c.c. flask, swirls the 
contents of the flask round, fills up to the mark, adds further a volume 
of water corresponding to the precipitated lead sulphate (sp. gr. 63), 
shakes, and filters through a dry filter paper. The sulphuric acid, in a 
fifth of the filtrate (50 cc.), is precipitated with barium chloride, the 
barium sulphate weighed, and the content of lead in the acetate 
calculated from the sulphuric acid, used for the precipitation of the 
lead. Furtlfer portions of 50 c.c. are titrated* with normal alkali, the 
sulphuric acid deducted, and the content of acetic acid in the lead 
acetate thereby ascertained. 

Lead Nitrate, Pb(N 0 8 ) 2 . — The salt comes into commerce as colour- 
less or white regular crystals (octahedra and combinations of octahedra 
and cube), which seldom contain any appreciable quantity of impurities. 
It is fairly soluble in water; a solution saturated at 20° (sp. gr. 1-415) 
contains 37 P er cent, of lead nitrate. Dilute nitric acid and 90 per cent, 
alcohol dissolve it but very slightly ; it is insoluble in strong nitric acid 
and in absolute alcohol. 
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In order to test for impurities, the lead is converted into sulphate 
by evaporation with excess of sulphuric acid and any residue obtained 
on evaporating the filtrate from the lead sulphate is examined for 
copper, iron, and calcium. 

Lead Sulphate, PbS0 4 . — Crude lead sulphate is obtained in large 
quantities as a by-product in the preparation of aluminium acetate and 
ferric acetate solutions for calico printing, and is chiefly bought up by 
lead works. Smaller quantities are worked up into lead colours (white 
lead, chrome yellow, red lead). It comes on to the market as a brown- 
coloured mass containing water ; the colour arises from the lead-vinegar 
used for the decomposition of the alum or iron alum. The examination 
is usually limited to the determination of the lead. An average sample 
of several grams is dissolved in a hot, concentrated solution of 
ammonium acetate, the solution filtered, and pure lead sulphate 
precipitated from the diluted filtrate by means of sulphuric acid. In 
lead works the product is assayed in the dry way, by fusing with 
potassium carbonate, argol, and iron (cf. Assay of Lead, pp. 220 et seq .). 

• 

Tin Salts 

Stannous Chloride, SnCl 2 +2H 2 0 (Tin Salt). — The commercial 
product consists of colourless or pale yellowish white crystals possessing 
a fatty appearance, which are freed from the adhering mother liquor 
centrifugally. It usually only contains the impurities arising from the 
tin and hydrochloric acid used in its preparation, in small quantities ; 
it is seldom adulterated with magnesium or zinc sulphate. 

The salt only diifSolves completely in a little water and in absolute 
alcohol, when freshly prepared. If exposed to the air for any length of 
time, the oxychloride is formed, which is insoluble in water ; on heating 
with hydrochloric and tin, this is again converted into stannous chloride. 

On largely diluting an aqueous solution of the salt, considerable 
separation of the oxychloride, Sn(OH)Cl, takes place; solutions contain- 
ing hydrochloric acid, ammonium chloride, or tartaric acid remain clear. 
The solid salt and its solutions rapidly absorb oxygen from the air. 

The content of stannous chloride is estimated by one of the volu- 
metric methods described on p. 266 . 

The presence of lead, copper, zinc, and iron, as impurities, is 
detected by adding excess of ammonia to a solution of the salt, and 
warming for some time with a considerable quantity of yellow 
ammonium sulphide, when the above metals remain undissolved as 
sulphides. Sulphates produce a precipitate of barium sulphate in a 
largely diluted hydrochloric acid solution. According to Merz, zinc 
and magnesium sulphates remain undissolved as minute crystalline 
deposits, if several grams of the salt are stirred with five times their 
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weight of absolute alcohol ; any tin oxychloride which may be present 
remains undissolved as a flocculent residue. 

The strength of aqueous solutions containing hydrochloric acid may 
be approximately estimated from their specific gravity. Gerlach has 
drawn up the following table for solutions at 15: — 


Per cent. 

Spec, 

Grav . 

Per cent 

I Hp«c. 
Ur»v 

Per cent. 

Spec, 

Per cent 

, Hju'c, 

ynC]o-|-2HoO. 

BnG% 

ShCVi all 

Urav. 

nuvij ? mjK 

Untv. 

2 

1*013 

22 

1*161 

42 

1 ‘852 

62 

1 

4 

1*026 : 

24 

1*177 

44 

1*874 

64 

i-iiii 1 

a 

1*040 

26 

1*194 

46 

1 *397 

66 

1‘677 

8 

1*054 

28 

1*212 

48 

1*421 

68 

1*711 

10 

1*008 

30 

1*230 ! 

: 50 

1*445 

70 

1*745 

12 

! 1*083 

32 

1*249 ! 

52 

1*471 

I 72 

1*788 

14 

1*097 

34 

1*268 j 

54 

1*497 

74 

! 1*821 

16 

1*113 

36 

1*288 1 

56 ! 

1*525 

? 76 

! 1*810 

IS 

1*128 

38 

1*309 

1 68 

1 *554 



20 



1*144 

__J 

40 

1*330 

: 60 

1 *582 

t 

1 

i 


Stannic Chloride, SnCl 4 . — The pure liquid compound finds its way 
but seldom into cqpimercc ; it occurs much more frequently as a 
hydrated salt-like mass containing sodium chloride, and as concentrated 
solutions. In the dyeing industry solutions of tin in aqua regia are 
called tin nitrate, tin composition, tin solution, physic, scarlet composi- 
tion, rosing salt, etc., and are usually contaminated with free nitric acid, 
ferric chloride, zinc chloride, salt and stannous chloride, or contain, in the 
case of the three latter products, intentional additions of such salts. The 
chloride combines with five molecules of water of crystallisation to form a 
white salt, which is used for the same purposes as the other preparations. 

The presence of stannous chloride is recognised by the separation 
of mercurous chloride (calomel) on the addition of a solution of 
mercuric chloride; copper, lead, zinc, and iron remain as sulphides 
on treatment with ammonia and ammonium sulphide. Salts of the 
alkalis, together with zinc and iron salts, are detected on evaporating 
the filtrate after the precipitation of the tin by sulphuretted hydrogen 
The presence of nitric acid *is shown by the addition of a crystal of 
ferrous sulphate, when the liquid in the immediate neighbourhood of 
the crystal is coloured red. 

The total content of tin is determined by immersing a strip of pure, 
stout zinc foil in a solution of the salt for about twelve hours, removing the 
precipitated tin with a brush, washing, dissolving in a hot ferric chloride 
solution, and titrating the ferrous chloride formed. Or, the tin may be 
dissolved in hydrochloric acid and the solution titrated by means of 
ferric chloride. The stannous chloride is titrated in a separate sample 
by the same method, and the stannic chloride in the salt thus estimated 
from the difference between the two determinations. 

If the solution of stannic chloride does not contain too much 
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impurity, its strength may be estimated approximately from its specific 
gravity. For this purpose the following table by Gerlach for a 
temperature of 15 0 may be employed: — 


Per cent. 
SnCl 4 .5H 2 0. 

Spec. Grav. 

Per cent. 
S 11 CI 4 . 5 H 2 O. 

Spec. Grav. 

5 

1-030 

45 

1*320 

10 

1*059 

50 

1-366 

15 

1-091 

55 

1*416 

20 

1-124 

60 

1-468 

25 

1-158 

65 

1-526 

30 

2 T95 

70 

1-587 

35 

1-235 

80 

1-727 

40 

1-276 

90 

1*893 


Tin Ammonium Chloride, SnCl 4 .2NH 4 Cl (Pink Salt).— This salt 
forms beautiful white crystals, which dissolve readily in water. The 
content of tin is tested for (as above), since the salt frequently contains 
an excess of ammonium chloride. It is much used in dyeing as a 
substitute for the more strongly corrosive stannic chloride. 

Sodium Stannate, Na 2 Sn0 3 + 3H 2 0 (Preparing Salts). — The pure 
salt forms colourless crystals ; the ordinary commercial product is 
usually largely contaminated with sodium carbonate and hydroxide, 
and not infrequently also contains arsenic. The content of tin is 
determined by precipitation with zinc, dissolving the washed tin in 
hydrochloric acid, and titrating. Arsenic is tested for in a simple Marsh 
apparatus. 

Silver and Gold Salts 

Silver Nitrate, AgN0 3 (Lunar Caustic). — The pure salt crystallises 
in large colourless rhombic plates, which, in presence of dust, blacken 
in the light. At 218° the nitrate melts and solidifies to a crystalline, 
radiating mass. It is readily soluble in water and in alcohol. One 
hundred parts of water dissolve at : — 

<T 10*5° 54° 85° # 100° 

121*9 227*3 5 °° 714 mi parts of AgN 0 3 . 

The pure salt dissolves to a perfectly clear solution In water ; the 
colourless solution should not become turbid (lead, bismuth) or 
coloured blue (copper) on the addition of a large excess of ammonia. 

The content of silver is determined gravimetrically as silver chloride, 
and volumetrically by titration with ammonium thiocyanate according 
to Volhard’s method (p. 116). The salt, as it comes on to the market 
in the form of sticks for surgical purposes, cannot be distinguished in 
appearance from that fused with potassium nitrate which is prepared for 
a similar purpose. The content of nitre is either calculated by difference 
from the result of the silver determination, or the filtrate from the 
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silver chloride is evaporated and the potassium chloride in the residue 
determined and calculated to potassium nitrate. The presence of 
potassium nitrate may be recognised by moistening a strip of filter 
paper withr the aqueous solution, drying and igniting, the residue being 
strongly alkaline. 

Gold Chloride, AuC 1 3 , forms a yellowish brown deliquescent mass, 
which dissolves readily in water, alcohol and ether, producing solutions 
of a yellowish red colour. 

Chlor-auric Acid, H AuC 1 4 +4H 2 0, crystallises in long yellow needles. 
On carefully heating in a covered porcelain crucible to a bright red heat, 
both salts leave a residue of pure gold ; the pure chloride, AuCI a , gives 
64-96 per cent Au, and the hydrochloric acid compound 47*85 per cent 

Sodium Chlor-aurate, NaAuCl 4 +2H 2 0 (Gold Salt), crystallises in 
golden-yellow rhombic prisms, which effloresce readily. The percentage 
of gold is 49-5. It is very soluble in water. 

Potassium Chlor-aurate, KAuC! 4 +2H 2 0, and Ammonium Chlor- 
aurate, 2NH 4 AuC1 4 +5H 2 0, are yellow salts which crystallise well and 
are used for the same purposes as “go Id salt.” 

For the estimation of the gold, a small weighing of the salt is mixed 
with half its weight of sodium carbonate, and gradually heated to a dull 
red heat in a covered porcelain crucible. When cold, the salt is dissolved 
in hot water, and the gold dried, ignited, and weighed. Copper is the 
only impurity, and occurs in traces. For its determination, the gold is 
precipitated from the hydrochloric acid solution of the gold salt by 
warming with pure ferrous sulphate, and sulphuretted hydrogen then 
passed into the filtrate for some time to precipitate the copper. 
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ARTIFICIAL MANURES 

By the late Professor O. BoTTCHER, Ph.D., formerly Director of the Agricultural 
Experiment Station, Mockern. English translation revised by Alfred Smetham. 


I.— GENERAL METHODS OF EXAMINING ARTIFICIAL 

MANURES 

i. ESTIMATION OF NITROGEN 

A. Total Nitrogen by Kjeldahl’s Method. 

It has long been established that Kjeldahl’s method of estimating 
nitrogen 1 gives accurate results with all substances, the nitrogen of 
which can be estimated by the soda-lime method ; hence the latter 
method has accordingly been replaced by that of Kjeldahl in practically 
all laboratories. 

The method, as originally devised, has been so altered, improved, 
and simplified, thaj Stutzer proposed some time back to call it the 
“Sulphate Method” in contradistinction to the soda-lime method, 
since it is impossible to exactly designate the present method by adding 
to the name of Kjeldahl all those who have co-operated in the improve- 
ments. In spite, however, of the various changes introduced the 
principle has remained the same, viz., the conversion of all the organic 
nitrogen Into ammonium sulphate by boiling with concentrated sulphuric 
acid, and the subsequent estimation of tKc ammonia by distillation with 
sodium hydroxide. * * 

a. In Substances free from Nitric Acid. 

Wilfarth’s 2 modification of Kjeldahl’s method is best suited to the 
estimation of nitrogen in ordinary substances not containing nitric acid. 
Wilfarth first observed that the time required for decomposition is 
considerably shortened by the addition of metallic oxides. The most 
suitable metals proved to be copper and mercury, and the best pro- 
portions are 0-5 g. anhydrous copper sulphate, or 0-7 g. metallic mercury, 

* 1 Z . anal . Chem ., 1883, 22, 366. - Chan . Z < it ., 1875, 9, 286, 502. 

$7S 
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or about i g. mercury oxide, to * x g. substance. Mercury has the 
greatest effect on the oxidation, so that the decomposition requires 
appreciably less time than when copper sulphate is used. When 
mercury or mercuric oxide is used, however, it is necessary in the 
subsequent distillation of the ammonia to add sufficient potassium 
sulphide solution (about 25 c.c. of a solution of 40 g. potassium sulphide 
per litre) to the sodium hydroxide to precipitate the whole of the 
mercury as sulphide, whereby the liquid assumes a black appearance ; 
also, granulated zinc should be added to prevent bumping. As Bottcher 
established some years ago, 1 addition of potassium sulphide is not 
necessary provided a rapid evolution of hydrogen is maintained within 
the liquid ; this is effected by the addition of 1-5 g. of zinc dust (which, 
of course, must be free from nitrogen and low in oxide) to the contents 
of the flask before distillation. The mercury-ammonium compounds 
are easily and completely decomposed by nascent hydrogen, and the 
ammonia distils over just as quickly as when potassium sulphide and 
zinc are used. Having observed that, in the case of various difficultly 
decomposed substances, rich in nitrogen, such as horn meal, fish meal, 
etc., considerably more nitrogen is found when mercury is used than 
when copper sulphate is employed, Bottcher recommends the following 
procedure : — 

One gram of the finely powdered substance is placed in a small 
flask of Bohemian glass of about 150 c.c. capacity, and one drop of 
mercury (about 1 g.) and 25 c.c. of acid, prepared by adding 200 g. of 
phosphorous pentoxide to 1 litre of concentrated sulphuric acid (sp. gr. 
1-84), are added. (The mixture must always be tested for nitrogen.) 
The flask is then heated on a wire gauze, first •with a small flame, 
and subsequently to vigorous boiling. 

It is advisable to place the decomposition flasks in an inclined 
position on the gauze, so that the side, and not the bottom, receives 
the heat. For this purpose various forms of apparatus have been 
devised, which can accommodate fifteen to twenty flasks, and thus permit 
of fifteen to twenty estimations being carried on at the same time. 
The decomposition must take place in an efficient draught and in an 
ammonia-free? atmosphere. It is advantageous to place the whole 
apparatus on a lead plate, the edges of which arc bent up and in which 
is strewn a thick layer of sand, so that if a flask happen to crack during 
the heating, the boiling sulphuric acid will flow into the sand. 

In the case of substances which froth up during decomposition, a 
little solid paraffin is added. To avoid the escape of acid fumes and 
loss of sulphuric acid by spitting, the flask is loosely closed by a device 
first recommended by Kreusler, viz., a glass stopper made by drawing 
out a wide glass tube into a long point, the lpwer end of which is fused 
1 Landw , Versuchs-Stat ,, 1892 , 41 , 170 * * 
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up. The heating is continued ufttil the contents of the flask are 
perfectly colourless. The time required to effect this varies with the 
nature of the substance, and will range from half an hour to two or 
three hours in the case of such substances as dried flesh, dried blood, 
etc. It is, therefore, desirable in the case of all substances which are 
difficultly decomposed, that the boiling should be continued for three 
hours for the sake of certainty. When cold, the contents of the flask 
are carefully washed into a distillation flask of 500 c.c. capacity, about 
200 c.c. of water being used for this purpose, 100 c.c. sodium hydroxide 
solution of sp. gr. 1*28 (nitrogen-free), and 1 to 1*5 g. zinc dust added, 
and the ammonia distilled off into standard sulphuric acid. 

The distillation can be carried out either with or without a con- 
denser ; in the latter case the lower end of the delivery tube must dip 
into the sulphuric acid A method to be recommended is to distil the 
ammonia through cooled, tin tubes which are sufficiently narrow 
(5 to 6 mm. inner diameter) for the successive portions of the distillate 
to effect a continuous washing-out of the tubes; the end of the 
condenser tube is connected with an Erlenmeyer flask (300 to 400 c.c. 
capacity) by means of a glass tube. The flask should contain 20 c.c. of 
standard sulphuric acid, and should be provided with a small Will and 
Varrentrapp receiver. To prevent small quantities of sodium hydroxide 
from passing over into the condenser tube during distillation, a fairly 
large bulb-tube with the tube bent downwards is placed between the 
condenser and the distillation flask. When zinc dust is used even this 
does not suffice, and the receivers recommended by Kjeldahl must be 
used, which serve simultaneously as washing apparatus and receiver ; but 
in this case the distillation must be interrupted once, to allow the water 
which collects in the receivers to flow back into the distillation flask. 

In the case of substances which are difficult to obtain in a finely 
divided condition, correct average samples are obtained as follows : — 
Three to five grams are weighed out and boiled with 50 to 60 c.c. 
of sulphuric add, and 2 to 3 g. of mercury. When cold, the liquid is 
washed into a graduated 300 c.c. flask, made up to the mark and 
thoroughly shaken ; 100 c.c. are then distilled with sodium hydroxide 
and zinc dust * 

After the distillation is complete, the excess of sulphuric add is 
titrated back with dilute sodium hydroxide, using 2 c.c. of a solu- 
tion of Congo red as indicator. The percentage of nitrogen is then 
calculated from the ammonia found. The Congo red solution is 
prepared by shaking 2 g. of Congo red with 500 c.c. of 50 per cent 
alcohol, till the whole is dissolved ; 500 c.c. of water are then added. 

The decomposition of nitrogenous substances by sulphuric acid is 
very appreciably accelerated by adopting J. W. Gunning's 1 method of 

1 Z. atiaL Chem 1889 , 28 , * 88 . 
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adding a fairly large quantity of potassium sulphate to the sulphuric acid. 
This has been tested by Bottcher, Atterberg, Arnold, Wedemeyer, and 
others, who have found it serviceable. Bottcher considers a mixture of 
20 c.c. of 'phosphor-sulphuric acid, I g. of mercury, and 15 to 18 g. of 
potassium sulphate to be the best and most rapidly acting oxidation 
liquid. In the case of substances which do not froth, the potassium 
sulphate may be added with the sulphuric acid, but it is best to add 
the sulphate after the acid has boiled and the frothing ceased. The 
boiling is continued until the decomposition is complete and the 
liquid becomes colourless, the time occupied being usually about 
thirty minutes. The liquid can be diluted with water after standing 
five to ten minutes; it is then transferred to the distillation flask, 
and the ammonia distilled off as above. 

b. In Substances containing Nitric Acid and in Saltpetre. 

Kjeldahl’s method as originally devised was not applicable to the 
quantitative determination of nitrogen in the case of all those substances 
which contain nitrogen in the form of nitrates, but it has been since 
established that it is generally applicable when suitable modifications 
are introduced. 

For the estimation of the total nitrogen in substances containing 
nitrate, the following methods are suitable : — 

1. Jodlbaur’s Method . 1 — In this method the substances are decom- 
posed by sulphuric acid containing phenol, whereby the nitrogen of 
the nitrate is combined as nitrophenol, which is then reduced by zinc 
dust to aminophenol ; the nitrogen in the aminophenol is determined 
by the sulphate method in the usual way. Bottc&er recommends the 
following procedure as the most advantageous : — The manure mixture 
containing nitrate is dried, 1 g. weighed out and transferred to a 
Bohemian glass flask of about 350 c.c. capacity, 30 c.c. of phenolsulphuric 
acid gradually added with constant shaking and cooling in cold water, 
the mixture allowed to stand for a half to one hour, and occasionally 
shaken round, until as much i$ dissolved as possible. 

The phenolsulphuric acid solution contains 200 g. of phosphoric 
anhydride anti 40 g. of phenol in 1 litre of concentrated pure sulphuric 
acid. It is best prepared by dissolving the phosphoric anhydride in 
part of the sulphuric acid, and the phenol in the remainder, and then 
mixing the two solutions after they have cooled. 

From 2 to 3 g. of dry, nitrogen-free zinc dust are then very 
gradually added, the flask being again thoroughly shaken and well 
cooled, and one drop ( = 1 g.) of mercury then added. If the mixture be 
sufficiently shaken and cooled, the zinc dust can be added continuously 
without any risk of loss. After standing fpr one to two hours the 

1 Landw % Ver$uchs.-Stat. % i8S$, 35, 447. 
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decomposition flask is placed over® a flame and cautiously heated to 
avoid frothing, and the contents boiled till clear and colourless. The 
liquid is then allowed to cool, poured into a distillation flask, and the 
ammonia distilled off as usual. Since 30 c.c. of phenolsulphuric acid 
are used for the decomposition, no c.c. of sodium hydroxide must be 
added for distillation. 

If the substances under examination are moist, they must be rubbed 
up in a mortar with a little nitrogen-free plaster-of-Paris before adding 
the phenolsulphuric acid. 

As an alternative, the following directions of Stutzer may be 
adopted: — Twenty to twenty-five c.c. of water are added to the 
substance in the decomposition flask, which is shaken round and 
placed in a drying oven at ioo° to 1 io°, till all the water has evaporated. 
When cold, 30 c.c. of phenolsulphuric acid are added with cooling, then, 
after standing for half to one hour, 2 to 3 g. of zinc dust and one drop 
of mercury, and the rest of the estimation carried out as described above. 

In examining potassium and sodium nitrate by this method, it is 
best to adopt the latter modification, using 0-5 g. of substance. To 
obtain a good average sample, 10 g. of saltpetre are dissolved in 500 c.c. 
of water, and 25 c.c. of this solution evaporated in the decomposition 
flask at ioo° to no 1 ". 

2. Forster's Method. 1 — Forster carried out a series of experiments, 
using, as others had previously done, phenolsulphuric acid, with or 
without the addition of reducing agents. In these experiments he 
always found losses of 0*3 to 0-5 per cent, of nitrogen, which could not 
be otherwise explained than that small quantities of nitric acid escape 
the action of the^phenolsulphonic acids, and volatilise during the 
subsequent heating. To avoid these losses, he proposed the addition 
of sodium thiosulphate/ the revised method being carried out as 
follows : — 

One-half gram of finely powdered saltpetre, or 1 g. of the manure 
mixture containing saltpetre, is placed in an ordinary decomposition 
flask, or, as an alternative, a larger quantity of the substance is dissolved 
in water, and an amount, corresponding to 0-5 g. of saltpetre, is evapor- 
ated to dryness in the decomposition flask; 15 c.c. of*a (preferably) 
6 per cent, phenolsulphuric acid solution are then added, and the whole 
shaken till the saltpetre is completely dissolved. One to two grams of 
sodium thiosulphate are next added, and when decomposed, ro c.c. of 
pure sulphuric acid and about 1 g. of mercury. This solution is boiled 
in the usual way till the liquid is colourless, and the ammonia then 
distilled off. 

The sodium thiosulphate must not be added before the phenol- 
sulphuric acid, since the^ very energetic reaction which ensues would 

1 Chem , Zeit. y 1S89, 13, 229. 
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cause a considerable loss of nitroge^ The results are influenced when 
the phenolsulphuric acid contains more than 7 P er cent, or less than 4 
per cent, of phenol. Cooling, as in the Jodlbaur method, is not necessary, 
either on* dissolving the nitrate in the phenolsulphuric acid, or on 
adding the sodium thiosulphate. The oxidation of organic substances 
is generally complete in one and a half hours. 

This process is more convenient, and gives more reliable results 
than the more tedious method of Jodlbaur, and is, therefore, to be 
recommended in preference to the latter, especially as Jodlbaur’s 
method affords correct figures only when the conditions are exactly 
and minutely carried out. Further, in Forster’s method, bumping is 
avoided during the subsequent distillation, as no difficultly soluble 
sulphate is formed. 

3. G. P. Veitsch’s 1 Modification of Gunning’s Method. — In this 
method the nitrate is placed in the distillation flask, and 35 to 40 c.c. of 
sulphuric acid added, which contains 34 g. of salicylic acid per litre. 
The mixture is allowed to stand at the ordinary temperature till the 
nitrate has dissolved, 6 to 7 g. of finely powdered potassium sulphate 
are then added, and fhe flask heated for fifteen minutes over a small 
flame, then over a full flame until the mixture is clear. When cold, the 
ammonia is distilled off as usual. 


B. Nitrogen combined as Ammonia 

The nitrogen combined as ammonia in commercial ammonium salts 
and in ammoniacal fertilisers is estimated by distillation with freshly 
ignited magnesia (about 3 g. magnesia to I g. asunonia), which must 
be as free from carbonate as possible. If the substance under examina- 
tion contain' no easily decomposable organic nitrogen compounds 
together with the ammonia-nitrogen, the distillation can be carried out 
with sodium hydroxide. If sodium hydroxide be used to titrate back 
the sulphuric acid, with either Congo red or methyl orange as indicator, 
the results will not be influenced by the carbonic add in the magnesia. 

To carry out the method, 20 g. of the substance to be examined are 
dissolved in jp litre of water, 25 c.c. of this solution ( = 0-5 g. substance) 
transferred to the distillation flask, used in Kjeldahl’s method, by 
means of a pipette, the whole diluted with 150 c.c. of water, and about 
3 g. of ignited magnesia added. The flask is then connected at once to 
the condenser tube, shaken round, and about 100 c.c. of the solution 
distilled off; the evolved ammonia is collected in standard sulphuric 
acid as usual, and the excess of acid is titrated back with sodium 
hydroxide. 

Ammonia-nitrogen can also be estimate4 volumetrically by means 
l J. Amer , Chem.- Soc 1899, 21, 1094. 
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of Knop’s Azotomcter, which yields very reliable results when the 
experiments are efficiently conducted (cf. Vol. I., p. 125). 

C. Nitrogen combined as Nitrate {cf. Vol. I., p. 309) 

x. The Schlosing-Grandeau-Wagner Method^—The estimation 

is carried out in a small flask of 250 to 300 c.c. capacity, closed by a 
double-bored rubber stopper, fitted with a 15 c.c. funnel, provided with 
glass tap ; the lower end of the tube of the tap-funnel is drawn out to a 
fine point, and reaches into the body of thfe flask, but not into the 
liquid. A delivery-tube is fitted through the second opening in the 
stopper, the end of which is placed in a glass dish, filled with air-free 
water. A tube, graduated to 01 c.c., and provided with a glass tap at 
its upper end, is supported above the dish. 

To carry out the estimation 40 c.c. of ferrous chloride solution 
containing about 200 g. of iron, and an equal weight of 20 per cent, 
hydrochloric acid per litre, are placed in the flask, a few cubic 
centimetres of hydrochloric acid poured into the funnel, the tap 
opened, and the air in the tube of the funnel eftiven out by allowing 
the acid to flow down. The contents of the flask are then boiled. As 
soon as all the air is driven out of the flask, the 100 c.c. graduated 
tube is filled with water and inverted over the delivery tube. Ten 
c.c. of a nitrate solution, containing exactly 33 g. of pure sodium 
nitrate per litre, are then poured into the funnel, and the tap 
adjusted so that the solution drops slowly into the continuously boiling 
iron solution. When nearly all the solution has run in, the funnel is 
rinsed round twice, with 20 per cent, hydrochloric acid, which is 
similarly allowed to flow, drop by drop, into the boiling iron solution. 
The decomposition is complete when no more nitric oxide is evolved. 
The graduated tube is now set aside, a second substituted for it, and — 
without the ferrous chloride having once ceased boiling — 10 c.c. of the 
unknown nitrate solution (saltpetre or manure mixture containing 
saltpetre) are poured into the funnel. This solution must be of such 
a concentration that 50 to 90 c.c. of nitric oxide are evolved. The end 
of the reaction is easily recognised by the complete condensation of 
the vapours entering the delivery tube. When this takes place the 
funnel is again twice rinsed with hydrochloric acid. Six or seven 
consecutive estimations can thus be similarly carried out without 
renewing the iron solution. Finally, a second control experiment is 
made with 10 c.c. of the standard nitrate solution. Air is then 
allowed to enter the flask by opening the tap full, the flame is 
removed, and the apparatus supplied with fresh iron solution for 
further estimations. 

* 1 Chem. Zeit., 1884, 8, 37 ; Cf. Vol. I., p. 317, and this Vol., p. 499. 



382 


AETIFICIAL | MANURES 


The graduated tubes containing the nitric oxide are meanwhile 
transferred with the help of small dishes, filled with water and held 
beneath the tubes, to a high glass cylinder filled with water. The tubes 
are supported by brass clamps on the rim of the cylinder. The 
cylinder is provided with an overflow tube. When the several 
graduated tubes in the cooling cylinder have attained the same 
temperature, the volumes of nitric oxide gas are read off, with the 
water at the same level inside and outside the tubes, and the volume of 
gas calculated, without further temperature or pressure measurements 
being necessary. 

This method, although requiring some analytical skill, is very 
simple, and is particularly to be recommended where numerous 
nitrate estimations have to be carried out consecutively. 

Calculation . — In the case of Chili saltpetre, 33 g. are made up 
to one litre, and 10 g. of this solution used for the estimation. With 
the help of Grandeau’s tables the percentage of nitrogen in the nitrate 
can be ascertained directly from the volume of nitric oxide obtained. 
If these tables are not available the percentage can be calculated 
as follows: — If 10 £c. of the standard nitrate solution evolved 90*0 
cc. nitric oxide gas, and ro c.c. of the nitrate under examination 

evolved S6*i c.c., then the latter contains — L— =95-67 per cent 

90*0 1 

sodium nitrate, or ~ I $'77 P er cent - nitrogen. 

In the case of manure mixtures containing nitrate, 33 g. of 
substance are similarly dissolved in one litre of water, and either io, 
20, or 30 c.c. of the filtrate used for the estimation, so that at least 
50 c.c, of nitric oxide gas are obtained. 

2. Ulsch’s Method. 1 — This is founded on the fact that, when a nitrate 
solution is warmed with dilute sulphuric acid and very finely divided 
iron (reduced in hydrogen), the nitric acid is very rapidly and 
completely reduced to ammonia, and can be estimated as such. 

In a half litre flat-bottomed flask are placed 25 c.c. of an aqueous 
nitrate solution containing at the most 0-5 g. of potassium nitrate or an 
equivalent quantity of other nitrate. (In the*case of Chili saltpetre, 
25 c.c. of a solution containing 8 g. to 500 c.c. water.) Ten c.c. of 
dilute sulphuric acid of sp. gr, 1-35 (obtained by mixing about 
two volumes of water with one volume of concentrated sulphuric 
acid), and, lastly, 5 g of commercial, reduced iron, are added. To avoid 
loss by spirting the flask may be closed by a small pear-shaped glass 
vessel, similar to Kreusler’s glass stoppers, of about 25 cc. capacity, 
which is filled with cold water, so that it also serves as a reflux condenser, 
but this is really unnecessary. 

1 This method, as modified by Bdckmann, is fully described in Vol. I., p. 3*1. 
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A vigorous, but not violent, evolution of gas is brought about by 
cautious heating with a very small flame, which is gradually raised, so 
that the liquid begins to boil after a lapse of about four minutes from 
the beginning of the heating. After gently boiling for about half a 
minute the reduction should be complete ; it thus requires nearly five 
minutes in all. 

The contents of the flask are then diluted with 50 c.c. of water, 
made alkaline by adding 20 c.c. of sodium hydroxide solution of sp. 
gr. 1*25, the ammonia distilled over as usual, and collected in standard 
sulphuric acid. Addition of zinc before distillation is quite superfluous. 
Since the total volume of the liquid is very small, the whole of the 
ammonia will be driven over by about five to seven minutes’ vigorous 
boiling. 

This method has the great advantages of certainty and rapidity, 
and is better suited to separate estimations than those described above ; 
it allows of a nitric acid estimation, exclusive of the preparation of 
substance and the titration of the ammonia, being carried out in fifteen 
to twenty minutes. 

3. Kdnig’s Method. 1 — Five grams of saltpetre are dissolved in a 
litre of water, and 100 c.c. of this solution ( = 0*5 g. saltpetre), or an 
equivalent amount of a solution made from other manures, are placed 
in a 500 to 600 c.c. flask, and 18 to 20 g. of potassium hydroxide (free 
from nitric acid), 75 c.c. of methylated spirit, and 8 to 10 g. each of zinc 
and iron dust, and finally, a few granules of pure animal charcoal, to 
prevent frothing, added. The flask is then connected to a Peligot (J- 
shaped bulb tube, of about 200 c.c. capacity, containing 10 c.c. of normal 
sulphuric acid, placed in a vessel filled with cold water. To prevent the 
potassium hydroxide solution being carried over, the connecting tube 
must be provided with a bulb and be bent downwards. The flask is 
allowed to stand about three to four hours, until the vigorous evolution 
of hydrogen, which takes place at first, has subsided ; the liquid is then 
distilled with a very small flame, so that the distillation occupies about 
two hours. Distillation is complete wher^ the whole of the methylated 
spirit has passed over and water begins to distil ; the water vapour 
collects in drops in tfte condenser tube and heats the neck of the 
receiver. 

To obtain correct results it is necessary to follow these instructions 
accurately. 

4. The Zinc-Iron Method. 2 — This method, suggested by E. Raab 
and described by Bottcher, is considerably more expeditious than the 
above ; it is founded on the same principle as that of Konig. When a 
nitrate is heated in alkaline solution in which nascent hydrogen is 

1 DU Untersuchung. landwirischaftlick und gewerblich wichtiger Sioffe ) 3rd edition, 1906, p. 139. 

3 Lankw . Versuchs-SiaL, 1892, 41, 370. 
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being evolved In .sufficient quantity, the whole of the nitric acid is 
converted into ammonia. After various preliminary trials, the follow- 
ing method was adopted : — Ten grams of saltpetre, or manure mixture 
containing saltpetre, are dissolved in 500 c.c. of water ; 25 c.c. of this 
solution (or in the case of mixed manures, 50 c.c,), corresponding to 
0*5 g- ( or 1 g.) of substance, are placed with about 120 c.c. of water in the 
distillation flask (500 c.c. capacity) of KjeldahFs apparatus. About 5 g. 
of nitrogen-free zinc dust, 5 g. of iron powder (reduced iron), and 80 cc. 
of sodium hydroxide of sp. gr. 1*28 are added,' the flask then connected 
with the rest of the apparatus, 20 c.c. of standard sulphuric acid having 
been placed in the receiver. The flask is allowed to stand for one to 
two hours with repeated shaking, and about 1 00 cc. of the solution 
distilled off, and titrated as usual. The distillation must be begun with 
a very small flame ; otherwise a too vigorous evolution of hydrogen 
may carry over some alkali. When Kjeldahl’s adapters (p. 377) are 
used there is no risk of sodium hydroxide being carried over. 

This method gives equally good results with pure saltpetre and with 
mixed manures of the most various kinds ; its simplicity and low cost 
recommend its use irf all laboratories in which numerous estimations of 
nitrate-nitrogen contained in saltpetres and saltpetre mixtures are 
required. 

T. Schmitt 1 uses a 750 c.c. Erlenmeyer flask, in which he places 
40 c.c. of glacial acetic acid and 15 g. of a mixture of equal parts of 
zinc dust and iron powder ; 50 c,c. of nitrate solution, corresponding 
to 0*5 g. substance, are allowed then to flow in with constant shaking, 
and the shaking is repeated again vigorously at the end of the distillation. 
A brisk evolution of hydrogen begins immediately, and continues for 
about fifteen minutes; after the lapse of this period an equal quantity 
of the mixture of metals is added again and the mixture shaken round. 
Should the whole solidify to a pasty mass, about 30 c.c. of water must be 
added. The reduction is complete in thirty to forty minutes; sodium 
hydroxide is then added, and the ammonia distilled off. 

Stutzer 2 converts the nijric acid into ammonia by the action of 
aluminium foil in alkaline solution. The reduction takes about twelve 
hours. • • 

Devarda 3 has suggested the following method, based on the 
conversion of nitric acid into ammonia by the action of aluminium 
and zinc powder in dilute potassium hydroxide solution. One-half 
gram of substance is placed in a flask and treated with about 60 c.c. of 
water, 5 cx. of alcohol, and 50 c.c. of potassium hydroxide of sp. gr. 1*3 ; 
2 to 2-5 g. of an alloy are then added, consisting of forty-five parts of 
aluminium, fifty parts of copper, and five parts of zinc. After connect- 

1 Chem. Zeit 1890, 14, 410. 2 Z. angew. Chem, y 1890, 3, 695. 

s Landw . Vmuch$-Stat %) 1893, 42, 130. 
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ing the flask to the distillation apparatus, the former is gently warmed 
and the whole is left to stand for half an hour; the reaction is then 
practically complete and the ammonia can be distilled off. 

This method cannot be applied when nitrogenous organic ^substances 
are present. 

Other methods have been described by W. Ackermann 1 and by 
Bohlig. 2 . 

S Estimation by means of the Nitrometer.— This method is fully 
described in Vol. I., p. 315. 

Note.— The "Fertilisers and Feeding Stuffs (Methods of Analysis) 
Regulations 1908, which had been framed by a Committee appointed 
by the Board of Agriculture and Fisheries in pursuance of the 
provisions of the Fertilisers and Feeding Stuffs Act, 1906, has now 
received parliamentary sanction. As most of the determinations of 
nitrogen and of the other constituents of fertilisers are required for the 
valuation of the materials used in the manufacture of fertilisers, or in 
the testing of the fertilisers as supplied to farmers, the processes 
prescribed by the Board of Agriculture and Fisheries must now be 
regarded as official. Whatever the merits of other processes hitherto 
used may have been, the sanction by the Government of the prescribed 
processes practically renders impossible their further use, as in all official 
matters the only methods which would be recognised here are those 
which have been carried out according to the instructions given in the 
“ Fertilisers and Feeding Stuffs (Methods of Analysis) Regulations, 1908.” 

Under these circumstances it is practically useless to discuss the 
merits or demerits of other processes so far as English practice is 
concerned, and so faj as the desired estimations come within the scope 
of the prescribed Regulations. 

The directions giverP in the Regulations simply lay down the 
processes which must be followed, but do not enter into details of the 
apparatus to be used, or in some cases the quantities to be employed. 
The descriptions given in the text will, however, enable any qualified 
analyst to comply with the Regulations, and with due care the processes 
detailed are capable of yielding very accurate results. 

For the sake of reference the Regulations are reproduced at the 
end of the article on " Feeding Stuffs,” on p. 469 of this volume. 
(Smetham). 

2. ESTIMATION OF PHOSPHORIC ACID 

Phosphoric acid occurs In artificial manures in four different forms. 
In some manures it may only be necessary to estimate one form ; in 
others two forms, and in some cases even three forms must be 
determined. 

* 

* Chem. Zeit. ., 1898, 21, 690. 3 Z. anal. Chem ., 1898, 37, 498. 

II 2 B 
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1C was formerly supposed that, since phosphoric acid is a tribasic 

oSalts - C ° mPOSiti0n H “ P0 ' 1 ' h would s ' lvc rIsc to only three series 

CaH 4 (!P0 4 ) 2 monobasic calcium phosphate. 

C a 2 H 2 (P0 4 ) 2 dibasic calcium phosphate. 

Ca 3 (P0 4 ) 2 tribasic calcium phosphate. 

Hilgenstock and Stutzer 1 found that the phosphoric acid in basic 

(Ca/PoiSo).' in th£ r °’ m ° ! 3 t=,rabaSiC Caldum P h “i>l>a‘= 

Monobasic calcium phosphate is soluble in water ; the phosphoric 

JL ? r ^ se ? t m manures in the form of this salt and as free phosphoric 

In S the S Unh te f ir nd 33 " Phos P horic acid soluble in water." 

hvt , p y. mted Kingdom, according to the general trade custom and 

held to meanTh 3 Fccd [ n s S tuffs Act, 1906, “ Soluble Phosphate" is 
rendered sTubtiTT toftn >“« «**“«» Phosphate which has been 
IS tni. Ki Wat£r; °!’ m other words > the amount of phosphoric 

Dibasic 2 nhoTTf StatCd in - f termS of tribasic caIci ’ um phosphate. 

be formed bv Ho tf’ T™ 0rigfnally P rescnt »» manures, may 

rnm , y double decomposition between iron and aluminium 

other OU Th- °V hC ° nC hand ’ and raonobasic calcium phosphate on the 

fratrZnZs , y “J ei,llcr dlbasl<: calcilira phosphate, or else reverted 
S r l1 C) . Ph ° SphoriC acid is Dibasic cilcium ,,ho,I*e 

Trib, T a ‘f ' bUt diSS0lvK in citrate Z „n 

in J t “ T P h b “ PhateS . °. f Cald “ ra ' and iron are “Liable 

^ t,j, r urite ' w 

to th^r^-« U h ,° nIy found in basic slag, and it is 
attributable Dilutr* 51 ”* 11 '"- that . th ° rapTd action of basic slag is 
dissolv^ariy 111 S °l Utbn . and dilllte citric acid 

as they dissolve Drerin-f 0 ^? 10 ™ 0 ,^ f° mblned 111 tbis formas readily 

first difficult to ex n wk ° t L h* P , hosphatc - lt «t 

was supposed to be clmhi!^ , phosphoric acid of basic slag, which 

considerably more efficient' L > ^ f Ic, 2 m P hos Phate, should be 

phosphorite etc • this a hr. 1 ® ac 10n tban ,s die phosphoric acid of 
form in which L abaorma! Property is now explained by the 
the calcium. P losphonc acid In basic slag is combined with 

raugi? bytte° f pet“„t™ S „r d T mi l! Sed bysulph “ ri ‘ “ dd » generally 
:ase of other manures such phospbo . nc a C' d soluble m water; in the 
alcium phosphate soluble in T prec,pltatcd P hos Phate of lime, dibasic 

n other cases suclTa^ nhn TT"! dtr3te S ° Iution is estimated; 

?2L Ph ,° sph0nte > tnbas i c Phosphate is determined 

AtjxrionHm d*r anatylischen Cherniy l Z$ 6 t 6 , 425 . 
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while in basic slag, tetrabasic phosphate, or the phosphoric acid soluble 
in citric acid solution is estimated. Superphosphates which have not 
been completely decomposed, or which contain iron and alumina, as 
well as other incompletely decomposed manures, contain phosphoric 
acid in all three forms, viz., soluble in water, soluble in citrate solution, 
and insoluble. 

Special analytical methods must accordingly be adopted for the 
estimation of the different forms of phosphoric acid. 

A. Volumetric Estimation of Insoluble or Total 
Phosphoric Acid 

The volumetric estimation of insoluble phosphoric acid is antiquated 
and the method is not accurate. In all cases, however, in which 
phosphates with a very low percentage of ferric oxide and alumina are 
to be examined, this method gives results which are often sufficiently 
accurate for use in works ; it is accordingly still used in some cases for 
commercial analysis, especially on account of its rapidity. 

The method is carried out as follows : — Five grams of the substance 
to be examined are completely incinerated in a platinum dish, 
and then dissolved in moderately strong hydrochloric acid The 
solution is transferred to a 250 c.c. flask, made up to the mark, and 
50 c.c. of this solution treated with a slight excess of ammonia in an 
Erlenmeyer flask ; the precipitate formed is redissolved by addition of 
acetic acid. Ten c.c. of ammonium acetate solution (100 g. ammonium 
acetate and 100 g. of concentrated acetic acid per litre) are added, and 
the process continued r as described under the following head (B). 

B. Volumetric Estimation of Phosphoric Acid soluble 

in Water 

The volumetric estimation of phosphoric acid in superphosphates, 
etc., is only permissible in the case of samples not containing more than 
1 per cent, of phosphoric # acid combined with iron and alumina. 

If the manure does not contain much more than 20 per cent, of 
phosphoric acid, 200 c.c. of the aqueous solution of the sample 
(20 g. : 1000 c.c. of water) are treated with 50 c.c. of ammonium acetate 
solution (see above), in order to precipitate, if necessary, the phosphates 
of iron and alumina. After standing for two hours, any precipitate 
which may have been formed is filtered off, washed three times with 
hot water, ignited and weighed; half its weight is reckoned as 
phosphoric acid (P 2 0 5 ). In the case of phosphates containing much 
more than 20 per cent, of .phosphoric acid soluble in water, ioo c.c. 
of the filtered solution are diluted with 100 c.c. of distilled water, 
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50 cx. of ammonium acetate added, and the process continued as 
above. 

The titration is carried out as follows : — Fifty c.c, of the 
filtrate from the ferric phosphate (which of course must not be diluted 
by the washings from the latter) are placed in an Erlenmeycr 
flask ; these 50 c.c. will contain 40 c.c. of the original solution and IO cx. 
of ammonium acetate solution. Standard uranium solution is then 
run in from a burette until a drop of the liquid forms a brown ring 
when brought into contact with a drop of freshly prepared potassium 
ferrocyanide solution ; the test is performed by dipping a glass rod into 
the liquid, and spreading out the drop thus obtained on a white 
porcelain plate ; a drop of the ferrocyanide solution is allowed to drop 
on to this. The liquid must be boiled up after each addition of uranium 
solution ; the boiling, however, always causes some calcium phosphate 
to be carried down by the uranium precipitate, so that a preliminary 
titration must always be made. Then, in the second titration, that 
amount of uranium solution is run in, which, in the first titration, was 
required to produce a slight reaction ; the solution is then heated to 
boiling, and tested with potassium ferrocyanide. If no reaction is 
observed, a further 0*2 c.c. of uranium solution are added, the solution 
boiled, and again tested with potassium ferrocyanide. This operation 
is repeated until the colour reaction obtained exactly corresponds to 
that originally taken as the end-point, in standardising the uranium 
solution. The final result should always be checked by several 
titrations. 1 

Titration with uranium is advisable only in the case of phosphates 
free from iron and alumina; if these are present f the phosphoric acid is 
estimated almost as rapidly and with greater certainty by the 
gravimetric citrate method. 

1 To prepare the standard uranium solution (r c.c. ~aoo$ g. xooo g. of pure uranium 

nitiate are dissolved in 28,200 c.c. of water, and the small quantity of free nitric acid, which is 
generally present, neutralised by adding 100 g. of ammonium acetate. This solution is left to 
stand for several days, and is the** filtered from the sediment It is standardised either by 
means of a solution of a superphosphate, which contains l6 per cent, of phosphoric acid, soluble 
in water, and ^is completely free from iron, or by a solution of pure tricalcium phosphate. 
The latter is prepared by digesting 5*5 g. of dry tricalcium phosphate with dilute sulphuric add ; 
the acid should contain 2*85 to 2*9 g. SO s to 5*5 g, of the salt ; after digestion, the mass is 
dissolved in water, made up to a litre, and filtered, after standing for some time, from the 
separated calcium sulphate, and any phosphate which may not have been acted on. The 
phosphoric acid in 50 c,c. of this solution is then estimated gravimctrically. As an alternative 
to this method, 5*$ g. of pure tricalcium phosphate may be dissolved in the least possible 
quantity of nitric add, the solution made up to a litre, and the phosphoric acid determined in 
50 c.c* The mean of four or six closely concordant readings are taken as the tttre of the 
solution. The solution must always be tested for pyrophosphoric acid. The uranium solution 
is diluted till 1 c.c*=ooo5 g. P a O fi . The standardised solution must be carefully stoppered, and 
stored in a dark place, and must be re-standardised, from ^irae to time. 
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C. Gravimetric Estimation of Insoluble and 
Total Phosphoric Acid 

I. Molybdate Method. — This method was formerly regarded as 
the most reliable gravimetric method of estimating phosphoric acid, 
and was, therefore, always exclusively used in cases of arbitration. Of 
late years, however, it has been superseded by the more simple citrate 
method. 1 The molybdate method has been worked out by a number of 
chemists, so that various special directions have been recommended. 
Of the numerous modifications that have been proposed, two only will 
be described in detail; these, however, have been thoroughly tested, 
are easy of execution, and give absolutely certain results. 

i. Wagner’s Method. — Twenty-five or 50 c.c. of the phosphate 
solution, free from silica, containing 01 to o-2 g. P 2 O s , are placed 
in a beaker, and concentrated ammonium nitrate solution and molyb- 
date solution added until the total liquid contains 15 per cent, of 
ammonium nitrate, and not less than 50 c.c. of molybdate solution to 
every o- 1 g. P 2 0 6 . 

The addition of ammonium nitrate effects a saving in molybdate 
solution; in presence of 15 per cent, ammonium nitrate about half as 
much molybdate suffices for precipitation as would otherwise be 
necessary; the above conditions also effect more rapid and complete 
separation of the molybdate precipitate. 

The contents of the beaker are heated on the water-bath to 8o° to 
90°, kept at this temperature for ten minutes, and then placed aside 
and left to stand for about an hour ; the liquid is then filtered, and the 
precipitate washed with dilute ammonium nitrate solution until the 
filtrate is free from calcium. Accurate results are obtained when acidi- 
fied ammonium nitrate solution is used for washing, since P. Wagner’s 
experiments have shown that 100 c.c. molybdate solution, or 100 
c.c. ammonium nitrate solution, dissolve less than 01 mg. P 2 O s . 
The beaker is then placed beneath the funnel, the filter pierced by a 
platinum wire, and the precipitate washed into the beaker by means of 
2-5 per cent, ammonia solution, the filter being washed perfectly clean ; 
the precipitate is stirred round till dissolved, and more 2-5 per cent, 
ammonia added until the total volume of the liquid amounts to about 
75 c.c. Magnesia mixture (10 c.c. to every 01 g. P 2 0 5 ) is then added, 
drop by drop, (the magnesia mixture must in all cases be added 
gradually, or drop by drop, even when the ammoniacal solution of the 
molybdate precipitate has previously been approximately neutralised 
by hydrochloric acid) and with constant stirring, the beaker covered 
with a glass plate, and left to stand for two hours. The precipitate is 
filtered off, washed with 2-j; per cent, ammonia until the filtrate is free 
1 6f. Fertilisers and Feeding Stuffs {Methods of Analysis) Regulations , p. 473. 
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from chloride, and dried. The curled precipitate and rollcd-up filter 
are then transferred to a weighed platinum crucible, the lid adjusted, 
and the filter charred ; the crucible, placed in an inclined position, is 
finally ignited for ten minutes over a good Bunsen burner, then for 
five minutes on the blowpipe, and allowed to cool in a desiccator, and 
weighed. 

Composition of the. Reagents. 

1. Molybdate Solution. — One hundred and fifty grams of ammonium 
molybdate are dissolved in water, diluted to I litre with water, and 
poured into I litre of nitric acid of sp. gr. 1-2. 

2. Concentrated Ammonium Nitrate Solution. — Seven hundred and 
fifty grams of ammonium nitrate are dissolved in water and diluted to i 
litre. 

3. Dilute Ammonium Nitrate Solution for Washing. — One hundred 
and fifty grams of ammonium nitrate and 10 c.c. of nitric acid are 
dissolved in water and made up to r litre. 

4. Magnesia Mixture. — Fifty-five grams of crystallised magnesium 
chloride and 70 g. of ammonium chloride are dissolved in 1 litre of 2I 
per cent, ammonia. 

Marcker adds molybdate solution, and warms for three hours at 
50°, then thoroughly washes the yellow precipitate with dilute molybdate 
solution (x : 1), and dissolves from the filter with 5 per cent, ammonia ; 
the filter is not pierced in this case. The solution is finally neutralised 
with hydrochloric acid and precipitated with a magnesia mixture 
containing a larger quantity of ammonia and ammonium chloride 
(550 g. magnesium chloride, 1050 g. ammonium .chloride, 3-5 litres 24 
per cent, ammonia, and 6-5 litres distilled water). 

Fresenius adds molybdate solution, and wTarms for four to six hours 
at 50° ; the precipitate is washed with a solution obtained by mixing 
one hundred parts of molybdate solution, twenty parts of nitric acid of 
sp. gr. x*2, and eighty parts of water. The yellow precipitate Is then 
dissolved in ammonia (which/nust be as dilute as possible), the solution 
approximately neutralised, 6 to 8 c.c. of ammonia of sp. gr. 0*925 added, 
the solution 'precipitated with magnesia mixture, and then a further 
20 c.c. of ammonia added. 

2. Boucher's Method. — The following form of the molybdate method 
has been used for some years in the laboratories in Mockern, and is to 
be highly recommended : — 

The phosphate is dissolved in nitric acid ; if hydrochloric 
acid be used as the solvent, the solutions must be evaporated to 
dryness, taken up with nitric acid, filtered, and the filtrate precipitated 
with molybdate solution. Twenty-five or 50 c.c. of the solution, 
containing o-x to, at the most, 0*2 g. of phosphoric acid, and which 
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lust be free from silica, are placed in a beaker or Erlenmeyer flask of 
bout 300 c.c. capacity, molybdate solution added (about 100 c.c. to 
very 01 g. phosphoric acid), and the whole digested for four to six 
ours on the water-bath at 6o°. When cold, a small sample of the 
upernatant liquid is filtered into a test tube, double its volume of 
lolybdate solution added, and boiled up ; if any further precipitate is 
)rmed the liquid must be returned to the beaker or flask, a correspond- 
1 g further quantity of molybdate solution added, and the contents 
gain digested for some time. If the filtrate, on the other hand, 
smains clear when warmed with molybdate solution, or if only a 
Rite precipitate of molybdic acid separates, the total liquid is filtered 
Ren cold, and the yellow precipitate repeatedly washed by decantation 
fight or nine times) with dilute molybdate solution (1 : 3) or with 
ilute ammonium nitrate ; solution (cf. p. 390). Dilute nitric acid 
" per cent.) may also be used for washing, or as an alternative, a 
)lution made up by mixing one hundred parts of molybdate solution, 
venty parts of nitric acid of sp. gr. 1-2, and eighty parts of water. 
Re washing must be continued until the filtrate is free from calcium, 
hich is tested for by adding an excess of ammonia and then 
mmonium oxalate to a portion of the filtrate ; or 1 c.c. of the 
ashings may be treated with 10 c.c. of absolute alcohol which 
as been acidified with a little sulphuric acid ; in either case no 
irbidity should be produced. The filtration and washing must of 
>urse be carried out in an atmosphere free from ammonia. The 
•How precipitate of ammonium phospho-molybdate is dissolved in 
arm, dilute ammonia (1:3), the solution filtered through the original 
Iter, and the beaker or flask, as well as the filter, completely washed 
ith hot water to which a few drops of ammonia have been added, 
he filtrate is treated wich concentrated hydrochloric acid until the 
allow precipitate first formed no longer redissolves immediately but 
>es into solution very gradually. When the mixture is again quite 
fid, magnesium chloride mixture (10 c.c. to every 01 g. P 2 0 6 ) is added, 
*op by drop, the liquid being continually stirred with a glass rod 
Ethout touching the sides of the beaker; concentrated ammonia is 
Ided to the extent of one-third of the volume of the liquid, bringing 
,e total volume up to about no c.c., the mixture stirred round, and 
en left to stand for two hours in a cool place. The liquid is then 
tered, the precipitate of magnesium ammonium phosphate trans- 
ited to the filter and washed with dilute ammonia (1 : 3) until 
e filtrate no longer gives any chloride reaction. The filter and pre- 
pitate are then either transferred to a weighed platinum crucible and 
e former burnt wet, or they are dried first, the precipitate transferred 
the crucible, and the filter paper incinerated on a platinum wire ; the 
h is thdti added to the precipitate and moistened with two or three 
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drops of nitric acid. The platinum, crucible is first very gently warmed 
to avoid spirting, then heated more strongly, and finally ignited for ten 
minutes in a very good Bunsen flame, or for five minutes on the blow- 
pipe or fn a Rossler furnace, when a white residue should be 
obtained. The crucible is then allowed to cool in a desiccator, and 
weighed, and the ignition repeated until the weight is constant. After 
igniting and weighing, a drop of neutral silver nitrate solution is placed 
on the precipitate, when no yellow coloration should be formed. The 
weight of magnesium pyrophosphate (after subtraction of that of the 
filter ash), multiplied by 0-6379, gives the amount of phosphoric acid 
contained in 25 or 50 c.c. respectively of the phosphate solution. 

It is not advisable to filter the precipitate through a perforated 
Gooch crucible fitted with asbestos, as finely crystalline precipitates 
very easily pass through this form of filter, and the filtration has then 
to be repeated. 

Composition of the Reagents. 

x. Molybdate Solution . — Five hundred grams of pure molybdic acid 
are dissolved in a mixture of 1 litre of water and x litre of ammonia 
(sp. gr. = 0-91), and this solution gradually poured into 8 litres of 
dilute nitric acid, made by mixing 2 litres of nitric acid of sp. gr. 1-4 
with 6 litres of water. 

2. Magnesia Mixture. — Five hundred grams of crystallised 
magnesium chloride and 700 g. of ammonium chloride are dissolved 
in water, 3500 c.c. of ammonia of sp. gr. 0-97 added, and the solution 
diluted to 10 litres. 

H. Neubauer 1 has proved that when magnesium pyrophosphate is 
strongly ignited at a high temperature, loss is incurred owing to 
volatilisation of phosphoric acid ; the latter* is retained by magnesia 
placed on the lid of the platinum crucible, and can be qualitatively 
identified in the magnesia; it was, therefore, proposed to apply a 
corresponding correction to the results of phosphoric acid estimations 
by the molybdate method. As the result of investigations on the 
estimation of phosphoric acid by the different modifications of the 
molybdate nytthod carried out by the Union of Agricultural Laboratories 
in Germany, it has, however, been proved that it would be quite erroneous 
to apply Neubauer’s correction data to all estimations by the molybdate 
method. The application of these results is only justified when 
Neubauer’s method is followed. This method consists in precipita- 
tion from a solution containing 2| per cent, of ammonia. On the 
other hand, when the precipitation with magnesia mixture takes place 
after exact or approximate neutralisation, as is customary in the 
majority of laboratories, correct results are obtained directly, and the 

1 Inaugural Dissertation, Rostock, 1893. " 
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application of Neubauer’s correction would then render the results 
too high. 1 

2. Citrate Method. — This is a so-called compensation method ; the 
estimations agree, however, not only amongst themselves, but are also 
in extremely close agreement with those of the molybdate method. 

The phosphoric acid is precipitated directly by magnesia mixture, 
the simultaneous precipitation of calcium, iron, alumina, etc., being 
prevented by previous addition of ammonium citrate. A fraction of 
the bases is, however, always carried down ; on the other hand, a 
corresponding fraction of phosphoric acid escapes precipitation, so 
that the one completely compensates for the other, and thoroughly 
reliable results are obtained. 

In the case of aqueous solutions of superphosphates, 50 c.c. of 
solution (= 1 g. substance) are treated with 50 c.c. of citrate solution, 
prepared according to the directions given below. 

The addition of the citrate solution must not render the liquid 
permanently turbid; the precipitate which generally forms must 
disappear again on stirring. If this is not thg case, more citrate 
solution must be added, until the precipitate redissolves. Solutions 
prepared from bone-black superphosphates sometimes appear opalescent 
after addition of citrate solution ; this, however, does not influence the 
results. When acid solutions of basic slag, bone-meal, etc., are treated 
with citrate solution, heat is evolved ; the solution must, therefore, be 
cooled before precipitation with magnesia mixture. When bone-meal, 
fish guano, basic slag, etc., have been dissolved in aqua regia or in 
sulphuric acid, 50 c.c. of the solution (= 0-5 g. substance) are treated 
with 100 cc of the* same citrate solution. If magnesia mixture be 
added a long time after the addition of the citrate solution, calcium 
phosphate is apt to separate in a crystalline form. 

In every case 25 c.c. of magnesia mixture are then immediately 
added ; to accelerate precipitation the mixture should either be shaken 
for half an hour in a shaking apparatus, or stirred for half an hour by 
a mechanical stirrer ; it is then filtered. According to Halenke, complete 
precipitation of the phosphoric acid after ten minutes’ standing may 
also be effected by drawing a glass rod, covered with Yubber, twice 
round the inner wall of the beaker. Filtration is most rapidly carried 
out in a platinum Gooch crucible fitted with a layer of fine asbestos, 
and may be done either immediately after shaking or stirring, 
or after the liquid has stood for some time. The magnesium 
ammonium phosphate is washed into the crucible by means of a 5 per 
cent ammonia solution, and the precipitate washed by filling up the 
crucible five or six times successively with 5 per cent, ammonia. The 
outside of the crucible is dried by placing it on filter paper, then further 

* 1 Cf. Landiv . Versuchs-Siat. , 1895, 45 j 365. 
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dried by standing it on a heated iron or porcelain plate until the 
precipitate begins to crack, ignited for three to five minutes in a Rossler 
furnace, allowed to cool in a desiccator, and weighed. The crucible 
may then Be used again for the filtration of another precipitate; from 
thirty to forty estimations may be carried out consecutively without 
renewing the asbestos. 

Asbestos for filtration purposes is prepared as follows: — Best 
quality, long-fibre asbestos is placed on a glass plate and cut with a 
knife into fine shavings. About io g. of the shavings are extracted 
with boiling, concentrated hydrochloric acid for two hours, the acid then 
poured off through a wire gauze, and the last traces of acid as well as 
the very fine asbestos fibres removed by repeatedly washing the asbestos, 
by decantation with distilled water in a large beaker. The remaining 
asbestos is suspended in water, transferred to a litre bottle, and is then 
ready for use. Each filter requires about 20 c.c. of liquid, which is 
poured into the crucible after thoroughly shaking up. The asbestos is 
washed several times in the crucible with distilled water with the aid 
of the pump ; it must be pressed down with a glass pestle, so that it is 
uniformly distributed over the bottom of the crucible, particular care 
being taken to make it fit well on to the edges of the crucible. The 
latter is ignited for ten minutes in a Rossler furnace, weighed when 
cold, and is then ready for use. 

Composition of the Reagents . 

1. Citrate Solution. — Eleven hundred grams of purest citric acid are 
dissolved in ^vater, the solution treated with 4000 c,c. of 24 per cent 
ammonia, and then diluted to 10,000 c.c. 

2. Magnesia Mixture . — Five hundred and fifty grams of magnesium 
chloride and 1050 g. ammonium chloride arc dissolved in a mixture of 
6500 cc. of water and 3500 c.c. of 24 per cent ammonia. 

3. Other Methods, — E. A. Crete 1 recommends the estimation of 
phosphoric acid by titration with molybdate solution and gelatine. 

P. Neumann 2 recommends Hanamann’s method of estimation as 
phospho-molybdic anhydride. 

R Strieg&r s has proposed a method for the estimation of phos- 
phoric acid by means of the refractometer. 

These methods have rarely, if ever, been applied, since they are not 
more convenient than the simple and reliable citrate method. 

4. Estimation of Phosphoric Acid as Phospho - molybdic 
Anhydride. — When a nitric acid solution of phosphate is precipitated 
In presence of ammonium nitrate, a compound of phosphoric and 
molybdic acids is obtained which, on ignition in a definite manner, 

1 Btr., 1888, 21, 2762 ; 1909, 42, 3106. * Z.*anaL Ckem 1898, 37, 303. 

3 Bull. Soc. Scinte diu Buc., 1898, 7, 172. * 
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is transformed into a well-characterised anhydride of constant composi- 
tion possessing the formula 24MoO s . P 2 0 5 . Woy 1 recommends that the 
estimation of phosphoric acid be effected by weighing this compound. 

Composition of the Reagents. 

1. Ammonium Molybdate Solution. — Three per cent, aqueous solution 
of ammonium molybdate, prepared by dissolving 120 g. of best com- 
mercial ammonium molybdate in distilled water, making up to 4 litres, 
and filtering if necessary. 

2. Ammonium Nitrate Solution.— Three hundred and forty grams of 
ammonium nitrate to 1 litre of water. 

3. Nitric Acid, of sp. gr. 1-153, containing 25 per cent. HN 0 3 . 

4. Solution for Washing, containing 5 per cent, of ammonium nitrate 
and 1 per cent, of nitric acid. Two hundred grams of ammonium nitrate 
and 160 c.c. of nitric acid made up to 4 litres. 

Principle of the Precipitation. — One-tenth gram P 2 0 5 requires 2-9856 
g. ammonium molybdate, = 100 c.c. of a 3 per "cent, solution, in 
order to form the anhydride 24 Mo 0 3 . P, 0 5 . One milligram of phos- 
phoric acid to be precipitated requires x c.c. of solution, hence 0-5 g. of 
substance are used and 5 c.c. of molybdate solution are taken for every 1 
per cent of phosphoric acid. An excess of 20 c.c. over and above the 
amount of solution theoretically necessary for precipitation is ample. 
For o-l g. of phosphoric acid x-x6 g. of nitric acid are required; nitric 
acid up to 3-56 g. is not liable to cause dissociation. Since a certain 
amount of nitric acid is used up in decomposing the ammonium 
molybdate, and also, perhaps, in secondary reactions, 10 c.c. of nitric 
acid are taken, and iq particular cases this amount may be increased to 
20 c.c. ; there is always an excess of at least 20 c.c. of molybdate 
solution (= o-6 g. molybdate) present, and this prevents dissociation 
and suffices to counteract the effect of an excess of 30 g. of nitric 
acid. 

Ammonium nitrate must be present to the extent of about 5 per 
cent. The total volume of liquid generally amounts to approximately 
200 c.c. ; hence, 30 c.c. of ammonium nitrate solution must be taken. 

Tke Precipitation. — *The measured volume of phosphate solution is 
placed in a 400 c.c. beaker, 30 c.c. of ammonium nitrate solution, and 
either 10 or 20 c.c. of nitric acid measured out together in the same 
measuring glass, added, and the mixture heated to boiling over a 
gauze. The required amount of molybdate solution is also heated to 
boiling, transferred to a stopcock funnel, and allowed to run in, drop by 
drop, into the middle of the hot phosphate solution, which must be 
continually shaken round during the addition. The beaker is then 
stirred for another minute, and placed aside ; the liquid may be filtered 
' 1 Churn. Zeit., 1897, 21, 441 ; 1903, 27, 279. 
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in ten to fifteen minutes. Porcelaip Gooch crucibles are used for the 
filtration, which are prepared as follows: — The asbestos ( cf. p. 394) is 
broken up as finely as possible by shaking it with water in a small 
Erlenmeyef flask, and the Gooch crucible filled with a sufficient quantity 
to give a thin uniform layer on applying the pump ; the layer need 
only be very thin, owing to the ease with which the phospho-molybdate 
precipitate filters. A perforated porcelain plate, such as are supplied 
with porcelain Gooch crucibles, is placed in the crucible, the latter 
filled two or three times with water, the perforated plate removed and 
the crucible dried over a burner, and finally ignited for a short time in 
a platinum crucible. 

The supernatant liquid of the phospho-molybdate precipitate is 
then decanted through the weighed Gooch crucible with the help of 
the pump ; the precipitate is next stirred up with about 50 c.c. of the 
washing solution (No. 4) previously heated, thoroughly agitated several 
times, and allowed to settle again. After five minutes the super- 
natant liquid is again filtered off and the precipitate dissolved in 10 c.c. 
of 8 per cent, ammonia. Twenty c.c. of ammonium nitrate solution, 
30 c.c. of water, ancf 1 c.c. of molybdate solution are then added, the 
solution boiled and precipitated with 20 c.c. of hot nitric acid. After 
standing for ten minutes this is filtered through the crucible first used, the 
precipitate washed once with washing solution and twice with alcohol. 
The Gooch crucible is then placed in a nickel crucible (4-5 cm. high 
and 5 cm. in diameter at the top), a perforated porcelain plate being 
placed at the bottom of the nickel crucible ; the latter is first heated 
with a small flame, and the temperature then gradually raised till the 
crucible attains a low red-heat. The original yellQw precipitate is thus 
converted into the black anhydride in about fifteen minutes ; the con- 
version is complete when the surface of thd precipitate, after passing 
through various colorations, changes from a lustreless velvety to a 
lustrous crystalline appearance and is of a uniform dark blue-black 
colour. In this form the composition remains perfectly constant, even 
when subjected to further moderate ignition. Too strong ignition is 
easily detected by local lighter coloured, whitish appearances on the 
surface ; the precipitate has the composition 24lVfo0 3 .P 2 O s , and contains 
3-946 per cent P 2 0 5 . 

The following quantities are employed for the various manures : — 

(a) Superphosphates. — Twenty -five c.c. of an aqueous solution 
(20 g. : I litre) + 10 c.c. of nitric acid + 30 c,c. of ammonium nitrate 
are heated to boiling, and precipitated by 100 c.c. of 3 per cent, 
boiling molybdate solution ; the precipitate is washed once by decanta- 
tion, using 50 c.c. of washing solution, and then dissolved in ro c.c. of 
ammonia; to this solution are added 20 c.c. of ammonia nitrate, 
30 c.c. of water, and 1 c.c. of molybdate solution. The precipitation is 
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effected by boiling with 20 c.c. of nitric acid, and the precipitate filtered 
off after fifteen minutes. 

(<5) Basic Slag — 1. Total Phosphoric Acid. — Fifty c.c. of the 
sulphuric acid solution of the substance (5 g. : 500 c.c.) -are nearly 
neutralised by 24 per cent, ammonia, 20 c.c. of nitric acid and 30 c.c. 
of ammonium nitrate added, and the boiling solution precipitated by 
120 c.c. of 3 per cent, boiling molybdate solution; 2. Phosphoric 
Acid soluble in Citric Acid. — Fifty c.c. of the citric acid solution 
(5 g. : 500 c.c.) are treated with 30 c.c. of nitric acid of sp.gr. 1-153 
(25 per cent.) and 45 c.c. of ammonium nitrate, the solution heated to 
boiling, and precipitated by 100 c.c. of 6 per cent, boiling molybdate 
solution. 

(c) Bone-Meal. — Fifty c.c. of the acid solution (5 g. : 500 c.c.) 
are nearly neutralised with 24 per cent, ammonia, 30 c.c. of ammonium 
nitrate and 20 c.c. of nitric acid added, the mixture heated to 
boiling, and precipitated by 150 c.c. of 3 per cent, boiling molybdate 
solution. 

5 . Lorenz's Method . 1 . 

Composition of the Reagents. 

r. Sulphate-Molybdic Acid Reagent. — One hundred grams of pure, 
dry ammonium sulphate are dissolved in 1 litre of nitric acid of sp. 
gr. 1-36 at 15 0 in a 2 litre flask ; 300 g. of dry, pure ammonium 
molybdate are dissolved in hot water in a litre flask, the solution cooled 
to about 20", made up to the mark, and then poured, in a thin stream, 
with constant stirring, into the above nitric acid solution. The whole 
is then allowed to st%nd for forty-eight hours at the ordinary temperature, 
and filtered through a dense, acid-resisting filter paper. The solution 
is kept in well-stoppered *bottles in a cool place and in the dark. 

2. Nitric Acid of sp. gr. 1-20 at 15°. 

3. Nitric Acid in Sulphuric Acid Solution. — Thirty c.c. of sulphuric 
acid of sp. gr. 1-84 are added to 1 litre of nitric acid of sp. gr. 1-20 at 15°. 
Nitric acid of this specific gravity (i-2o) # is prepared by mixing 357 c.c. 
of nitric acid of sp. gr. 1-41 1 with 500 c.c. of water. 

4. Ammonium Nitrate. — A 2 per cent, aqueous solution is used; if it 
is not acid it is acidified with a few drops of pure nitric acid per litre. 

5. Alcohol. — Alcohol of 90 to 95 per cent, by volume, which should 
leave no residue on evaporation and must not give an alkaline reaction. 

6. Ether . — This should leave no residue on evaporation, not give an 
alkaline reaction, be free from alcohol, and not contain too much water ; 
150 c.c. should be miscible with 1 c.c. of water to a homogeneous 
solution at 15°. 

1 Landw. Versuchs~Stat. y 1901, 55, 1 83 * 

% 
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Preparation of Shmples for Analysis. 

1. Phosphoric Acid soluble in Water. — In the case of superphosphate, 
potassium ‘superphosphate, etc., 20 g. are dissolved in r litre of water 
in the usual way. For the estimation of phosphoric acid by the ether 
drying method (cf. infra), ro c.c. of the superphosphate solution, = 02 g. 
substance, are taken. In the case of double superphosphates, xo g. are 
dissolved in 1 litre of water and 10 c.c. taken for the estimation of 
phosphoric acid by the ether method. With superphosphate, pre- 
cipitated phosphates, etc., the extract is prepared by Petermann’s method 
in the usual way, and 10 c.c. of the solution are taken for the ether 
method of estimation. 

2. Phosphoric Acid soluble in Citric Acid ’ Basic Slag , etc. — A solution 
in 2 per cent, citric acid is prepared according to Wagner’s method 
(p- 4°5) > for the ether method estimation, 15 c.c. of the solution, =01 5 g. 
substance, are taken. 

3. Total Phosphoric Acid : — 

(a) Superphosphate , Basic Slag. — Five grams of the sample are treated 
with 35 c.c. of concentrated sulphuric acid, either with or without the 
addition of a little nitric acid. As an alternative method, 5 g. are 
dissolved in 100 c.c. of nitric acid and the solution made up to 500 c,c. ; 
15 c.c., = 01 5 g. of substance, are taken for the estimation by the 
ether method. 

(b) Bone-meal ', Mineral Phosphates , Precipitated Phosphates, Double 
Superphosphates, Guano, and all other manures not specifically referred to 
elsewhere which contain more than 10 per cent of phosphoric acid. Five 
grams are dissolved in 50 c.c. of concentrated sulphuyc acid, cither with or 
without the addition of nitric acid. An alternative method is to dissolve 
S g. in roo c.c. of nitric acid and make up *the solution to 500 c.c, ; 
10 c,c.,=oi g. of substance, are taken for the estimation by the 
ether method. 

(c) Horn-meal and other Artificial Manures, which contain less than 
xo per cent, of phosphoric acid. Ten grains are dissolved in 50 c.c. of 
concentrated sulphuric acid, or, to avoid the formation of dark 
coloured solutions, in 50 c.c. of concentrated sulphuric acid and a little 
nitric acid, or in 100 c.c. of nitric acid, and the solution diluted to 
500 c.c. For the ether method estimation, 15 c.c. of the solution, 
=0-3 g. substance, are taken. 

(d) Soils, etc., containing less than 1 per cent, of phosphoric acid. 
Twenty-five grams of the sample are dissolved in not more than 200 cc. 
of nitric acid of any of the above concentrations in a 500 c.c. flask, 200 c.c. 
of water added, the solution cooled, 10 c.c. of concentrated sulphuric 
acid or a corresponding quantity of dilute acid added, and the whole 
made up to the mark. Fifty c.c. of this solution, = 2-5 g. substance, arc 
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taken for the ether method estimation ; this method can, of course, be 
applied also to the estimation of phosphoric acid in plant ashes, etc. 

The Gravimetric Estimation of Phosphoric A cid in Solutions of A rtificial 
Manures , Soils , etc., as Phospho-molybdate by the Ether drying*Method . — 
The volume of the phosphoric acid solution to be taken for this 
estimation as described above (io, 15, 20, or 50 c.c.) is transferred to 
a 200 to 250 c.c. beaker by means of an accurate pipette. If the sample 
has been dissolved in sulphuric acid only, this volume is made up to 
50 c.c. by the addition of nitric acid of sp. g r. 1*2 (Reagent No. 2). 
In all other cases the measured volume of solution is made up to 50 c.c. 
by the addition of the requisite volume of nitric acid in sulphuric 
acid solution (Reagent No. 3). No addition is made in the case of soils, 
as the volume of solution to be taken for the determination is 50 c.c. 

The total 50 c.c. of solution thus prepared are heated to incipient 
boiling and 50 c.c. of the sulphate-molybdic acid solution (Reagent No. 1) 
added ; as soon as the bulk of the precipitate has separated, at most 
after five minutes, the whole is thoroughly stirred with a glass rod for 
half a minute. After standing for two to eighteen hours, the precipitate 
is filtered off through a platinum Gooch crucible ; In the case of soils, 
and generally, if less than 3 mg. of phosphorous pentoxide are present, 
the precipitate must be allowed to stand for twelve to eighteen hours. 
The Gooch crucible is not packed with asbestos, but is fitted with a 
piece of good filter paper free from ash and fat, and cut so as just to 
cover the holes but not touch the sides of the crucible ; the crucible and 
paper must .be previously weighed, A fully glazed porcelain Gooch 
crucible can also be used, The crucible is fitted on to a filter Husk 
attached to a pump jn the usual way, the paper moistened with water 
after starting the suction, and the precipitate then filtered off The 
beaker and precipitate arfi washed four times successively with the 
2 per cent, ammonium nitrate solution, care being taken to comph’U-iy 
remove any particles of the precipitate that adhere to the sides of the 
beaker. The crucible is then filled once completely and twice* 
cessively to one-half with alcohol, which is pumped off completely bet" rrn 
each filling. The precipitate is next similarly washed three time* v,!l ^ 
ether, care being taken # not to prolong the washing unnacessarib * 
otherwise the precipitate may become very finely divided on a c* 1 4 ‘ : ; t 
of the rapid drying, and pass through the filter paper. The crucib* * ' . 
then removed, wiped dry outside, and dried in an exiccator, exha 1 ; 
to about 100 to 200 mm., without calcium chloride or sulphuric aci* 1, 
thirty minutes, and weighed. The precipitate thus obtained coif* 
3*295 per cent P 2 O g . 

This method gives good results and does not occupy apprec* ' 
more time than direct precipitation with citrate solution and magnet 
mixture. • 


k 
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The contained silica of the phosphoric acid solution does not 
influence the results. Bottcher lias obtained satisfactory results with 
basic slags rich in silica. Further, it is immaterial for the estimation 
whether the extract of basic slag is freshly prepared or has been kept 
for several days. The method is accordingly to be especially recom- 
mended for the estimation of the phosphoric acid, soluble in citric acid, 
in basic slag. 

D. Estimation of “ Phosphoric Acid soluble in Citrate 
Solution,” in Superphosphates, etc. 

The estimation of reverted (retrograde) phosphoric acid in super- 
phosphates, of assimilable phosphoric acid (or that soluble in citrate 
solution) in precipitated phosphates and partially decomposed bone- 
meal, etc., has been the subject of a great deal of investigation ; a 
uniformly reliable method for the estimation of this form of phosphoric 
acid has, however, not yet been found. 

The estimation is founded on the solubility of this form of phosphoric 
acid in an acid or*neutral solution of ammonium citrate; phosphoric 
acid soluble in water is, of course, also soluble in this solution, so that 
it is included in the estimation. The following factors may materially 
influence the results : — The proportion of substance to citrate solution, 
duration of digestion, and temperature of experiment, nature of the 
citrate solution (depending on its method of preparation), the presence 
of various substances such as gypsum, the state of division, etc. More 
or less consistent results can only be obtained by accurately adhering 
to one and the same method. 

Of the various methods that have been suggested for the estimation of 
phosphoric acid soluble in citrate solution, the following are selected : — 

i- Petermann’s Method. 1 — One gram of a superphosphate con- 
taining more than 20 per cent, phosphoric acid, 2 g. where the latter 
amounts to between 10 and 20 per cent., 4 g. of superphosphates 
containing less than 10 per cent, phosphoric acid and 4 g. of compound 
manures, are taken for the Estimation. The substance is powdered dry 
in a porcelain mortar, then triturated with 2® to 25 c,c. of water, the 
liquid being decanted on to a filter, and the filtrate collected in a 
250 c.c. flask ; this trituration is repeated three times. The whole of 
the solid is then transferred to the filter, and thoroughly washed with 
water until the filtrate amounts to about 200 c.c. ; if the filtrate is 
turbid, one drop of nitric acid is added. The filter and solid residue 
are then placed in a 250 c.c. flask, 100 c,c. of ammonium citrate solution 
added, and the flask allowed to stand for fifteen hours at the ordinary 
temperature, with occasional shaking. The mixture is then digested on 

1 Publications of the “ Station agrommique de VEtat de GemblouxP # 
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he water r bath for one hour at 40°,*rfilled up to the mark when cold, and 
iltered ; 50 c,c. of the filtrate, and 56 c.c. of the aqueous solution first 
irepared are then taken and mixed, the mixture boiled for ten minutes 
rith 10 c.c. of concentrated nitric acid, and the total phosphoric acid 
oluble in water, plus that soluble in citrate solution, determined in this 
olution either by the molybdate or citrate method. 

The citrate solution is prepared as follows : — Five hundred grams of 
itric acid are dissolved in water, neutralised by ammonia, the solution 
ooled, diluted to a sp. gr. 1*09, and ammonia of sp. gr. 0-92 added to 
he extent of 50 c.c. of ammonia per I litre of solution ; the specific 
gravity of the final solution is 1-082 to 1-083. 

In the case of the estimation in precipitated phosphates, r g. of 
ubstance is triturated in a mortar with 100 c.c. of ammonium citrate 
olution; this is washed into a 250 c.c. flask and the method then 
>roceeded with as above. 

This method is very involved and tedious, and does not afford more 
.ccurate results than the earlier abbreviated method. 

2. Wagner’s Method. — Wagner 1 carried out a series of experi- 
nents, extending over a number of years, with various cultivated plants 
.nd different soils, using the following phosphates as fertilisers, viz. : 
;xtracted mineral superphosphate and extracted double superphosphate, 
mre bone ash superphosphate, bicalcium phosphate, tricalcium phosphate, 
.nd ground mineral phosphate, and thus determined the fertilising 
r alue of these phosphates compared with that of phosphoric acid 
oluble in water. He then attempted to find an analytical method for 
he examination of mineral superphosphates, the results of which should 
.ccord, as accurately as possible, with those of the fertilising experiments, 
.nd thus arrived at the following method, which he recommends as 
eliable : — 

Five grams of mineral superphosphate are triturated with dilute 
,cid citrate solution and transferred to a 500 c.c. flask. The mixture is 
liluted to the mark with dilute citrate solution, left to stand for 
.bout eighteen hours at 13 0 to 18 0 , frequently shaken, and then filtered. 
The phosphoric acid in the filtrate is estimated either by the molybdate 
nethod, or by direct pr^ipitation with magnesia mixture.-, The latter 
nethod is carried out as follows : — One hundred c.c. of the filtrate 
.re treated with 50 c.c. of a mixture made up of equal volumes, of 
.lkaline citrate solution and magnesia mixture. To accelerate the 
eparation of the precipitate, the solution is stirred for a few minutes 
rith a glass rod, the lower end of which is covered with a piece of 
ubber tubing; the walls of the beaker should be rubbed with the 
ubber during stirring. The mixture is allowed to stand for a few 
lours, or overnight, and the precipitate then further treated in the 
# 1 Chem, Zen., 1886, 10, 1937 \ 188 7, II, 90$. 
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usual way. If it be desired to complete the analysis more rapidly, the 
separation of the precipitate may be effected in an hour with the help 
of a stirring- or shaking-machine. The necessary solutions are prepared 
as follows : — 

X. Concentrated Acid Citrate Solution. — One hundred and fifty grams 
of citric acid are placed in a litre flask, dissolved in water, neutralised 
by ammonia, io g. of citric acid added to the neutral solution, 
and the whole then diluted to the litre. 

2. Dilute Acid Citrate Solution. — One volume of the concentrated 
acid citrate solution is diluted with four times its volume of water. 

3. Alkaline Citrate Solution. — Two hundred grams of citric acid are 
dissolved in 20 per cent, aqueous ammonia, so that the volume of 
the solution amounts to r litre. 

4. Magnesia Mixture. — Seven hundred c.c. of 8 per cent, aqueous 
ammonia and 1300 c.c. of water are poured on to 110 g. of pure 
crystallised magnesium chloride and 140 g. of ammonium chloride, and 
the solution filtered after standing for several days. 

This method may also be applied to estimating the value of 
commercial precipitated phosphates. The results quoted by Wagner 
as examples show that his method gives accurate results and that 
it permits of the agricultural valuation of mineral superphosphates, 
of double superphosphates prepared from mineral phosphate, and 
also of precipitated phosphates, being determined with sufficient 
accuracy. 

Bottcher has estimated phosphoric acid soluble in citrate solution, 
or “available” phosphoric acid by Wagner’s method, in a variety of 
samples of partially decomposed or prepared boge ash 1 and precipitated 
phosphate, and found that the figures thus obtained from bone ash 
preparations agreed almost exactly with those given by the old Hallen’s 
method, using 2-5 g. of substance and digesting for an hour at 40'. In 
the case of precipitated phosphates, Wagner’s method yields throughout 
higher figures than are obtained by Petermann methods, but the former 
is to be preferred, as it tests on a scientific basis. It is accordingly 
advisable to estimate the phosphoric acid soluble in citrate solution, or 
“ available * phosphoric acid, in all artificial manures, with the exception 
of basic slag, by Wagner’s method, particularly as this method still 
permits of simplification. 

Bottcher has found that it is not necessary to allow the dilute acid 
citrate solution to act on the manures for eighteen hours ; it suffices to 
treat the substance for thirty minutes with dilute citrate solution in a 
rotating shaking apparatus. Estimations of phosphoric acid, soluble in 
citrate solution, are thus carried out in a much shorter time, and 
results by different analysts are more likely to agree. 

1 Cktm . ZciL, 1898 , 22 , 21. * 
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The estimation of phosphoric acid, soluble in citrate solution, in 
superphosphates, bone meal, precipitated phosphates, etc., is accordingly 
carried out as follows : — Five grams of substance are finely triturated 
with dilute acid citrate solution (No. 2), the mixture washed into a 
Stohmann 500 c.c. flask, filled up to the mark with dilute acid citrate 
solution at the ordinary temperature (about I7°-S), the flask closed with 
a rubber stopper, and placed in a rotating apparatus for thirty minutes ; 
the apparatus should revolve at from thirty to forty revolutions per 
minute. The mixture is then filtered, and the phosphoric acid in 100 
c - c - of the filtrate, or, in the case of precipitated phosphates, in 50 c.c., 
estimated by the molybdate or citrate method. 

The filtrate frequently passes through the filter turbid, particularly 
in the case of precipitated phosphates ; it is, therefore, advisable to use 
filter paper of the very best quality, such as is employed in the analysis 
of basic slag. * 

3. Kellner’s Method. — This method has been proposed for the 
estimation of “ citrate soluble ” or “ available ” phosphoric acid in pre- 
cipitated phosphates ; practically only the dibasic ^phosphoric acid is 
determined. 

Two and a half grams of the thoroughly ground sample are trans- 
ferred to a capacious flask with 250 c.c. of Petermann’s citrate solution 
and shaken in a rotating apparatus at a temperature of if- 5, similarly to 
the treatment of basic slags. The solution is then filtered off and 50 c.c. 
of the filtrate, =0-5 g. substance, boiled for ten minutes with 20 c.c. of 
nitric acid ; after allowing the solution to cool, and neutralising, the 
contained phosphoric acid is estimated as usual. 

Petermann’s citrate solution is prepared as follows: — 173-2 g. of 
citric acid are dissolved in water, a solution of ammonium sulphate 
containing 4° - 75 g- of nitrogen gradually added, the mixture allowed to 
cool to 15°, and the whole made up to 1000 c.c. at 15°. The content of 
the ammonium sulphate solution is checked by titration and the 
composition of the mixture by the specific gravity which should be 
1-082 to 1-083, and by the estimation of the .contained ammonia which 
is determined by distilling 25 c.c. of the solution with magnesia. 


E. Estimation of Free Phosphoric Acid 

I. Gravimetric Method. — Ten grams of substance (superphosphate, 
etc.), dried at 105° to no°, are rubbed up with absolute ether or 
alcohol, washed into a 500 c.c. flask, diluted to the mark with ether or 
alcohol, shaken for half an hour, and filtered. Fifty c.c. of the filtrate 
are taken, the ether or alcohol evaporated off, and the residue taken 
up with water ; the phosphoric acid in this solution is then estimated 
as usual by*the citrate method. 
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The substance may also be extracted with ether or alcohol, using a 
reflux condenser. 

2. Volumetric Method. — The following method is due to the 
Union of German Manure Manufacturers. 

A quantity of the aqueous extract of superphosphates, etc., corre- 
sponding to i g. of substance, is diluted with water in an Erlcnmeyer 
flask to about ioo c.c., two or three drops of an aqueous solution of 
pure methyl orange (i : 1000 ) added, and the solution titrated with 
sodium hydroxide until the red colour has changed to yellow. The 
sodium hydroxide should be standardised by a solution of pure 
phosphoric acid, the strength of which has been accurately determined, 
and should be titrated under the same conditions of dilution, etc., as 
obtain in the analysis, the acid solution being titrated with the alkali, 
not vice versd. The colour changes as soon as the primary salt has 
been formed from the phosphoric acid, according to the equation : — 

H 3 P0 4 + NaOH = NaH 2 P0 4 + H,0. 

It is recommended that after titration an excess of alkali be added 
to the superphosphate solution, the precipitate then filtered off, and the 
excess of alkali in an aliquot part of the filtrate titrated back with acid ; 
the colour change is then more easily recognised. Addition of excess 
of alkali is certainly a source of error, as sodium hydroxide is taken up 
by the precipitate, and the extent of this combination increases with 
the excess of alkali added after the colour reaction with methyl orange. 
The alkali thus used up in the precipitation is not accounted for in 
titrating back if the precipitate is filtered off; too little acid is thus 
used to titrate back, and hence an erroneous result is obtained, and the 
amount of free phosphoric acid is over-estimated. It is, therefore, 
necessary to apply a correction, which Will be constant for the same 
raw material and the same excess of alkali. 

F. Estimation of Phosphoric Acid soluble in Citric 
Acid, in Basic Slag 

Manured experiments which have bedh carried out at various 
experiment stations with basic slags from different sources have 
proved that the old basis on which the valuation of basic slag was 
carried out was inadequate, and that it was advisable not to value a 
basic slag exclusively according to its total content of phosphoric acid 
and “fine meal,” but, in addition, to take into account its degree of 
solubility. Wagner worked out an analytical method founded on these 
experiments (treatment of basic slag with acid ammonium citrate 
solution) — a method adapted to determine the relative solubilities, 
and hence also the relative practical value's of basic slags. Jhis method 
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vas thoroughly tested by the Union'of, Agricultural Laboratories of the 
jerman Empire, and it was agreed (1895) that the valuations of basic 
lag for commercial purposes should be founded on its content of 
'phosphoric acid soluble in citrate solution,” and that estimations of 
otal phosphoric acid and of “ fine meal ” should be discontinued. 

Subsequently Wagner demonstrated that owing to the composition 
>f the basic slag on the market having changed, the proportions of 
:alcium and silica, or of easily decomposable silicate of calcium, had in 
general increased, and that in consequence the results of his analytical 
nethod no longer agreed with the relative effects of slags, as determined 
w small fertilisation experiments. He, therefore, proposed to use a 
! per cent, citric acid solution, instead of ammonium citrate solution, 
or the purpose of dissolving out the phosphoric acid of basic slag, and 
:uggested the estimation of “phosphoric acid soluble in citric acid 
iolution ” by the following method. The results obtained by this later 
nethod show better agreement between solubility and manurial value 
:han was the case when the previous solution was used. 

For the estimation, 5 g. of basic slag are placed in a 500 c.c. flask 
nto which 5 c.c. of alcohol have previously been placed. The flask is 
hen filled up to the mark with dilute 2 per cent, citric acid solution, at 
1 temperature of i7°-5, the flask closed by a rubber stopper, and placed 
vithout delay in a rotating apparatus making thirty to forty revolutions 
3er minute, then left for thirty minutes, and the mixture immedi- 
itely filtered. 

The phosphoric acid in the filtrate is then estimated either by the 
nolybdate or citrate method, or by the Lorenz method. 

X. Molybdate Metfiod. — Fifty c.c. of the filtrate are placed in a 
jeaker, treated with 80 to 100 c.c. of molybdate solution, and the 
nixture warmed to about 65° by placing it in a water-bath ; the beaker 
s then taken out of the bath, and placed aside to cool. When cold, the 
nixture is filtered, the yellow precipitate carefully and thoroughly 
washed with X per cent, nitric acid, dissolved in about 100 c.c. of 
:old, 2 per cent, ammonia, 1 5 c.c. of magnesia mixture added to the 
immoniacal solution, drop by drop, and with constant stirring, the 
weaker then covered with a glass plate and placed aside for two 
lours. The magnesium ammonium phosphate is then collected either 
n a Gooch crucible or on a filter paper, the precipitate thoroughly 
washed with 2 per cent, ammonia, dried, ignited over a Bunsen burner 
ill the filter paper is completely incinerated (thirty to forty minutes), 
inally ignited for two minutes in a Rossler furnace, allowed to cool 
n a desiccator, and weighed. 

It is a necessary condition that the yellow precipitate shall dissolve 
rapidly in cold, 2 per cent, ammonia, giving a perfectly clear solution, 
[f the solution only becomes clear after standing for some time, the 
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following procedure must be adopted. The ammoniacal solution is 
precipitated by magnesia mixture, the precipitate collected on a filter, 
the beaker placed beneath the funnel, the precipitate then dissolved 
from the filter, and the latter washed by pouring about ioo c.c. of 0-5 
percent, hydrochloric acid through the filter; 20 c.c. of a mixture of 
one part of magnesia mixture and two parts of 20 per cent, ammonia 
are then added to the filtrate, drop by drop, and with constant stirring. 
The precipitate is then treated as described above (Estimation of 
phosphoric acid soluble in citric acid solution, in basic slags, by 
Wagner’s Method). 

Muller 1 has proposed a more simple form of the molybdate method, 
which consists in washing the yellow molybdate precipitate once by 
decantation with I per cent, nitric acid, bringing as little as possible of 
the precipitate on to the filter. The precipitate is then dissolved in 
2 per cent, ammonia, and the filter washed seven times. Fifty c,c. 
of ordinary citrate solution (p. 394) are added, then 25 c.c. of magnesia 
mixture, and the mixture stirred with a glass rod in a stirring machine, 
or shaken in a shaking machine for ten minutes, the precipitate collected 
in a Gooch cruciblG, and dried and ignited as usual. 

2. Citrate Method. — Wagner’s earlier statements to the effect 
that the direct precipitation of phosphoric acid by magnesia mixture 
gives too high results when the silicic acid in solution exceeds a certain 
limit, have not been confirmed. Hence phosphoric acid in a citric acid 
solution of phosphate can be estimated much more rapidly and con- 
veniently by direct precipitation with ordinary citrate solution and 
magnesia mixture. 

Bottcher has found 2 that phosphoric acid^ soluble in citric acid 
solution can be correctly estimated by the ordinary citrate method 
without any modifications whatever, if tlft following precautions be 
observed. The precipitation must be carried out with freshly prepared 
solutions; the precipitate must be “shaken out” immediately after the 
citrate solution and the magnesia mixture have been added, and the 
shaking must be immediately followed by filtration. lie has, 
therefore, proposed the following simple method, which has been 
tested and .adopted by the Union of Agricultural Laboratories of the 
German Empire as an official method : — 

Fifty c.c. of a fresh citric acid solution, prepared according to 
Wagner’s directions, are treated with 50 c.c. of ordinary citrate solution 
{cf. p. 394) and 25 c.c. of magnesia mixture (prepared as given on 
P- 394)- This mixture is shaken for thirty minutes in a rotation 
apparatus, filtered with the least possible delay through a Gooch 
crucible, the precipitate thoroughly washed with dilute (5 per cent.) 
ammonia, and then dried, ignited, etc., as usual. 

1 lanJw. VersucAs-Slat ., 1896 , 46 , 47 . 3 Chctn. Ztil., 1897 , 2 1 , 168 , <“ 83 , 993 . 
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Wagner 1 has proposed precipitation by magnesia mixture contain- 
ing citrate (cf. infra). The precipitate may be filtered either immedi- 
ately, or after standing for two hours. Fifty c.c. of the citric acid 
solution of the phosphate are treated with 50 c.c. of magnesia- 
citrate mixture, the whole shaken or stirred for thirty minutes, and 
the estimation continued as above. 

Composition of the Reagents (Wagner). 

1. Concentrated Citric Acid Solution (10 per cent.). — Exactly I kg. of 
chemically pure, crystallised, non-efRoresced citric acid is dissolved in 
water, the solution diluted to exactly 10 litres, and 5 g. of salicylic acid 
added. 

2. Dilute Citric Acid Solution (2 per cent.). — Exactly one volume of 
the concentrated citric acid solution (1) is diluted with four volumes of 
water. 

3. Molybdate Solution. — This may be prepared according to either 
of the following directions : — 

(a) One hundred and twenty-five grams of pure molybdic acid are 
placed in a litre flask, suspended in about roo c.c. of water, and dissolved 
by the addition of about 300 c.c. of 8 per cent, ammonia. Four hundred 
grams of ammonium nitrate are added to this solution, water added 
up to the mark, and the solution then poured into 1 litre of nitric 
acid of sp. gr. 1*19. The mixture is allowed to stand for twenty-four 
hours at about 35°, and then filtered. 

(p) One hundred and fifty grams of chemically pure ammonium 
molybdate are placed in a litre flask, dissolved in water, 400 g. of 
ammonium nitrate added to the solution, which is then diluted to the 
mark with water and poured into 1 litre of nitric acid of sp. gr. 1*1. 
The mixture is allowed ttf stand for twenty-four hours at about 35 0 , 
and then filtered 

4. Magnesia Mixture. — One hundred and ten grams of pure, crystal- 
lised magnesium chloride and 140 g. of ammonium chloride are covered 
with 700 c.c. of aqueous ammonia (8 per cent.) and 1300 c.c. of water 
The mixture is allowed to stand for several days, and then filtered. 

5. Magjiesia-Citrate Mixture. — Two hundred grams of citric acid are 
dissolved in 20 per cent, ammonia, the solution diluted to 1 litre with 
20 per cent, ammonia, and mixed with 1 litre of magnesia mixture. 

Remarks on the above Method. 

1. The citric acid solution with which the basic slag is treated must, 
of course, be accurately of the strength given above, z>., it must 
contain accurately 20 g. of chemically pure, crystallised, non-effloresced 
m 1 Qfiem* Zeit.i 1897 , 21 , 905 , 
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citric acid per litre. Its strength must be tested by titrating 25 c.c. 
with standard sodium hydroxide and phenolphthalein. 

2. The citric acid solution to be used must have, as accurately as 
possible, the mean room-temperature of if ‘Si deviations from this 
temperature, give rise to errors. The rotation apparatus must, therefore, 
be set up in a room of approximately constant temperature. The 
effect of deviations in the temperature may be counteracted by placing 
metal covers lined with felt over the 500 c.c. flasks. 

3. It is to be noticed in addition that when 500 c.c. of citric acid are 
poured on to the basic slag in the flask, the slag is liable to ball itself 
together into small lumps, which withstand the moistening action of 
the solution for some time and stick to the bottom of the flask. 
Although this occurrence is rare, still attention should be paid to it, and 
in order to be certain of always avoiding the error to which it may give 
rise, 5 c.c. alcohol are poured into the 500 c.c. flask before the basic 
slag is weighed into it. Further, it is advisable to shake round after a 
portion (200 to 300 c.c.) of the citric acid has been added, so that 
nothing shall adhere to the bottom. 

4. The substitution of a shaking machine for the prescribed 
rotation apparatus has proved to be inadmissible. Shaking machines 
differ in construction, and are not all equally effective, so that the 
results would not be consistent. 

5. The rotation apparatus must not work at more than forty or less 

than thirty revolutions per minute, and the operation is to be continued 
for exactly half an hour. When this is complete the precipitate must 
be filtered immediately; if it be left to stand, an error in either 
direction may result , 

6. Filtration must be accelerated as much as possible; it is best to 
use a folded filter paper of such a size that the whole of the liquid can 
be transferred at once to the filter, as soon as the undissolved residue 
has settled. Small and badly acting filters may become sources of 
error, owing to retardation of filtration. If the filtrate is at first 
turbid, it must be poured back on to the filter until a perfectly clear 
filtrate is obtained. It is not permissible to repeatedly return the 
filtrate to the filter, as this would unduly prolong the operation of 
filtration. Best quality filter paper must be used. 

y. Careful attention must be paid to the absolute purity of the 
molybdic acid or ammonium molybdate used in preparing the 
molybdate solution. 

8. Before using the molybdate solution its purity must be tested by 
means of disodium phosphate solution. 

9. The mixture of citric acid solution and molybdate solution must 
be taken from the water-bath as soon as it has reached the prescribed 
temperature of 65°. Any appreciable prolongation of this-digestion 
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may give rise to contamination of the precipitate by silicic acid. This 
is particularly liable to occur if the citric acid solution is not quite fresh 
and has been allowed to stand for six or twelve hours before adding the 
molybdate solution. 

10. Contamination of the molybdate precipitate by silicic acid is 
recognised by the difficult solubility of the same in ammonia, giving 
rise to a turbid solution, which may only become clear after some time. 
When this is the case the magnesia precipitate must be reprecipitated, 
as described above. 

11. The citric acid solution of basic slag undergoes little or no 
external change on standing, and even after some days will be either 
perfectly clear, or else only slightly turbid, without the formation of a 
precipitate. Nevertheless, a change takes place which is of great 
importance as regards the application of the direct method of 
precipitation, since the silicic acid, which goes into the solution, 
assumes a condition in which it is precipitated on addition of 
ammonia or ammoniacal citrate solution. This condition becomes 
increasingly pronounced from hour to hour ; it is, therefore, necessary 
to precipitate the filtered extract with the least possible delay. 

The precipitation of the silicic acid is facilitated by warming ; the 
stirring or shaking of the precipitating mixture must, therefore, be 
conducted in a cool place (if necessary in a water-bath). 

Naumann 1 has recommended the following method of estimating 
the phosphoric acid in the citric acid solution : — 

One hundred c.c. of the filtered citrate solution are placed in an 
Erlenmeyer flask, 30 c.c. of concentrated nitric acid added, and the 
mixture evaporated down over a free flame to about 20 c.c . ; the 
residue is boiled for about ten minutes with 25 c.c. of concentrated, 
arsenic-free sulphuric acid, In order to precipitate the silicic acid, then 
washed into a 250 c.c. flask, filtered, and 100 c.c. of this solution 
( = o-4 g. substance) precipitated by the usual citrate method. The 
precipitate crystallises well, so that it can be easily collected in a Gooch 
crucible. 

Mach and Passou use the following, similar method : — 

One hundred c.c. of the filtered basic slag solution are 'placed in a 
Kjeldahl flask, 30 c.c. of acid-mixture (see below) and one drop of 
mercury added, and the solution evaporated down on a wire gauze 
over an Argand burner to about 10 c.c. ; the acid-mixture consists of 
twenty volumes of concentrated nitric acid mixed with ten volumes 
of concentrated, arsenic-free sulphuric acid. Towards the end, the flask 
must be repeatedly shaken round to prevent calcium sulphate caking 
on to it. The flame is removed, 20 c.c. of a 10 per cent, solution 
of common salt added, the liquid washed into a 200 c.c. flask, diluted 
• 1 Landw. Versuchs-Stat ., 1896 , 47 , 154 . 
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to the mark, and filtered through, a folded filter. One hundred c.c. 
of ordinary citrate solution (p. 394) are then added to 100 c.c. of the 
filtrate (=05 g. substance); when cold, this is treated with 25 c.c. of 
magnesia .mixture, the solution shaken or stirred round, and filtered 
as usual through a Gooch crucible. 

All these methods have now been superseded by Bbttchcr’s equally 
simple and reliable method of direct precipitation with magnesia 
mixture (p. 406), which is much more expeditious. 

Note. — The remarks made with regard to the Estimation of 
Nitrogen (p. 3S5) apply with equal force to the Estimation of 
Phosphoric Acid in all fertilisers. The processes given in the 
“ Fertilisers and Feeding Stuffs (Methods of Analysis) Regulations, 
1908,” issued by the Board of Agriculture and Fisheries, are sub- 
stantially described in the foregoing pages, but, as in the case of the 
nitrogen determination, it will in future be necessary in all cases in 
which the analyses are required for the purposes of the Act, to comply 
strictly with the provisions laid down by the Board. These, with some 
notes, are given at the end of the Section on “ Feeding Stuffs,” p. 469. 
(Smetham). * 

3. ESTIMATION OF POTASSIUM 1 

A. Detailed Method 

Solutions of manures containing sulphuric acid and phosphoric acid 
must be freed from these acids before the potassium can be estimated, 
but it is not necessary to separate the alkaline earths. Platinum 
chloride forms double salts with the chlorides of potassium, calcium, 
magnesium, barium, and strontium ; of these, only potassium platini- 
chloride is insoluble in alcohol. • 

To estimate the soluble potassium salts, 10 g. of substance, which 
must pass through a 1 mm. sieve, are boiled for a quarter of an hour 
with 400 c.c. of water; when cold, the solution is diluted to exactly 
500 c.c., filtered, 100 c.c. of the filtrate placed in a 500 c.c. flask, 5 to 
10 c.c. of hydrochloric acid afld 100 c.c. of water added, and the solution 
heated to bailing ; the sulphuric acid is then* precipitated by adding 
potassium-free barium chloride as long as a precipitate is formed, the 
mixture boiled for a short time, allowed to cool, diluted to the mark, 
and filtered. Two hundred and fifty c.c. of this filtrate arc then placed 
in a 500 c.c. flask and warmed; if much phosphoric acid is present 
ferric chloride must be added ; an excess of ammonia and ammonium 
carbonate solution are then added, the mixture allowed to cool, 
diluted to the mark, and filtered through a dry folded filter paper. 
Two hundred and fifty c.c. of the filtrate (=05 g. substance) are 

1 Cf. Vol. I., pp. $20 it scq. „ 
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evaporated to dryness in a platinum dish, and the residue heated over 
a wire gauze, at first gently, to avoid spitting, then more strongly, 
using an Argand burner, and finally, to a dull red heat, so as to volatilise 
all ammonium salts. Care must be taken to avoid volatilisation of 
potassium chloride at this stage. The residue is weighed in the dish, 
‘ taken up with a little hot water, the solution filtered through a small 
filter into a porcelain dish, the filter and platinum dish thoroughly 
washed out, a few drops of pure hydrochloric acid added to the filtrate, 
which is then evaporated to dryness on the water-bath. Two to three 
c.c. of water are then added, and platinum chloride solution (i : 20) 
to the amount of 3-5 c.c. to every 1 g. of salt obtained as residue in 
the platinum dish ; this solution is then evaporated to a syrup^^on 
the water-bath in an ammonia-free atmosphere; when cold, a little 
80 per cent, alcohol is added with stirring, then a further 50 to 
60 c.c. of alcohol of the same strength, and the whole stirred. After 
standing for two to three hours the precipitate is filtered on a weighed 
filter paper, washed with 80 per cent, alcohol, and dried for two to three 
hours at no 0 to 120°. 

Filtering tubes, or Gooch crucibles fitted with asbfestos, are preferable 
for the filtration. 

The weight of the potassium platinichloride precipitate, multiplied 
by 0-1931, gives the weight of IC 2 0 in 0-5 g. of the original substance, 
from which the percentage can be calculated. 

B. Shortened Method ■ 

Potassium can also be estimated in the Stassfurt potassium salts, 
such as kainite, potassium chloride, etc., by this method ; 1 the result 
obtained, however, can only be considered reliable after the precipitate 
has been redissolved from the filter by hot water and the dried filter 
weighed again, owing to the fact that the precipitate of potassium 
platinichloride contains a certain amount of impurity, which would 
otherwise give too high a result. A Gooch crucible is well adapted 
for this purpose; the first precipitate of potassium platinichloride is 
collected in it, washed, dried, weighed, and then dissolved Ijy hot water, 
the crucible washed, dried, and re-weighed, and the weight of impurity 
thus obtained. 

To carry out the analysis, 250 c.c. of the aqueous solution of the 
potassium salts, prepared as above (p. 410), are placed in a 500 c.c. 
flask, xo c.c. of hydrochloric acid added, and the solution boiled with 
potassium-free barium chloride solution. 

An appreciable excess of barium chloride must be carefully 
avoided. Barium chloride solution of known strength (1 : 10) is added 
1 Freseni^s, Quantitative Analysis; translated by C. E. Groves, 7th cd., 1900, vol. ii., p. 220. 
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to the boiling solution until further addition only produces n 
s ight turbidity; the mixture is then boiled up again, allowed to settle 

"ST’ 4f d tGSted - by th . G addition of one dro P of barium chloride 
n ‘ . a precipitate is still formed a little more barium chloride 
solution is added, the mixture boiled, allowed to settle, and tested 

fSi m; l ?° in L at Wbl ’ Ch a11 the sul P huric ^ precipitated can be 
fairly sharply observed in the clear supernatant liquid. When no 

urbidit y is caused by addition of barium chloride solution, a drop of 
dilute sujphunc acid is added in order to detect any excess of barium 
chloride. Alternate additions of sulphuric acid and barium chloride 
soon enable the operator to reach the point at which neither sulphuric 

co C mple 0 te ChI ° ride a P red P itate i the operation is then 

cc Z h Z C f; T f 31 ' 15 fiHed t0 th£ mark > the solutJ on filtered, S o 
. . of the filtrate (= 0-5 g. substance) evaporated to dryness in a 

porcelain dish, the residue redissolved in about to to 15 cc of water 

10 cc. of platinum chloride (1 .- 20) added, and the solution evaporated 

11 " T UP kk 7 ? C ° Id reSI ' dUC fs taken U P with a little 80 per cep 
alcohol, rubbed fine with a pestle, a further S o to 60 cc. of So per cent' 

alcohol added, and the dish allowed to stand for two to three hours • 
the precipitate is then filtered off into a Gooch crucible thorouehlv 
washed with 80 per cent, alcohol, and dried at 1 10" to 120'' till its weight 
is constant. After weighing, the potassium platinichloride is dZohcd 

If 0t t jl e I cracibIe thoroughly washed, first with hot water and 

then with alcohol, then dried and again weighed. 

C. Vogel and Haffkk’s Method 1 

Fifty cc. of the aqueous solution of the!* potassium salts f= i.n <r 
substance) .are placed in a platinum dish and approximated 
neutralised by the addition of a few drops of a,ZonhZn Tr Z 

thf.* “ rb0 ” at0 solution are then added to prcciphate 

wee * f, “ S,a " dinc for «vo hou^ ,hu 
w to\i IT °r ,T 1 SmalIfflte ’ «» precipitate »a*cd 

dryness in a platinum di.h P " v h'*"*' ,nd the Sltnlte evaporated to 

J f;, d The evaporation is continued until the liouid ma L 

solidifies on cooling and no ionger smelis of hydrSlot £| Wh“ 

1 Landw. Vtrsuchs-Siat., 1896, 47, 97. « 
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perfectly cold, the residue is treated with 20 to 25 c.c. of a mixture of 
two parts of absolute alcohol and one part of ether ; the crystals are 
rubbed fine with a small agate pestle and filtered, after standing for 
fifteen minutes. ^ A porcelain Gooch crucible provided with am asbestos 
filter (cf. p. 394) is used for the filtration. The precipitate is thoroughly 
washed with the ether-alcohol mixture, dried, and the potassium 
platimchloride then reduced in a current of hydrogen. The crucible 
is allowed to cool in hydrogen, and is then washed with hot water to 
free the platinum from sodium sulphate and potassium chloride- 
the platinum is finally ignited and weighed. 

. This _ m ethod is particularly adapted to the estimation of potassium 
in organic substances such as hay, straw, stable manure, poudrette^Sc., 
since it avoids incineration and allows of the sulphuric acid solution 
obtained as in estimating nitrogen by Kjeldahl’s method being used for 
the estimation. Fifty c.c. of this solution are first approximately 
neutralised by ammonia in a 200 c.c. flask, 25 c.c. of carbonate of 
ammonia solution added, and the further treatment carried out as 
described above. 

D. Perchloric Acid Method 

The following alternative method is strongly recommended on 
account of its simplicity. An aqueous solution of the potassium salt is 
prepared in the usual way, and freed from sulphuric acid by means of 
barium chloride. One hundred c.c. of this solution (= 0-5 g. substance ; 
where the percentage of potassium is high, 0-25 g. must be used) are 
evaporated to about 20 c.c. in a shallow glass dish ; while still warm, 5 c.c. 
of a 20 per cent, perchloric acid solution are added. The amount of 
perchloric acid to be added amounts to from one and a half to one and 
three-quarter times the (Quantity necessary for the decomposition of 
all the salts present. The solution thus obtained is evaporated on the 
water-bath until the smell of hydrochloric acid can no longer be 
detected and white fumes of perchloric acid begin to escape. When 
cold, the residue is treated with 15 c.c. of 96 per cent, alcohol, and 
carefully rubbed down. After allowing to settle, the supernatant 
liquid is filtered through a Gooch crucible, the residue potassium 
perchlorate then twice rubbed up with 96 per cent, alcohol contain- 
ing 02 per cent of perchloric acid, the washings decanted, the 
perchlorate transferred to the crucible, and thoroughly washed with 
alcohol containing 0-2 per cent, of perchloric acid. Finally, the pre- 
cipitate is washed with the smallest possible quantity of 96 per cent, 
alcohol, to free it from perchloric acid, and dried at 120° to 130° for 
half an hour. The total volume of the filtrate should amount to about 
75 c.c. 

In treating superphosphates containing potassium and ammonia 
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the phosphoric acid and ammonia, mtast first be removed as in the case 
of the platinum chloride method. 

Note. — The “ Fertilisers and Feeding Stuffs (Methods of Analysis) 
Regulation, 1908 ” apply, so far as the sale of potassic manures in the 
United Kingdom is concerned, to the estimation of potassium. As , 
these regulations govern the ultimate sale of these commodities to the 
farmer, it seems probable that the processes therein prescribed must 
eventually form the basis of all contracts (Smetham). 

The Regulations are given in detail at the end of the Section on 
“ Feeding Stuffs” (p. 475). 

^ 4. ESTIMATION OF FERRIC OXIDE AND ALUMINA 

The estimation of ferric oxide and alumina is of great importance 
in connection with mineral phosphates used in the manufacture of 
superphosphates, since it gives an indication of the amount of phosphoric 
acid which can subsequently be reverted, ic. y be rendered insoluble in 
water, but still be soluble in citrate solution, which has been adopted as 
a standard method # by the Union of Agricultural Laboratories of the 
German Empire, 

Of the many methods which have been proposed for this determina- 
tion, that due to E. Glaser 1 is to be recommended. 

The estimation is carried out as follows : — Five grams of the phos- 
phate are dissolved, in the usual way, in a mixture of 25 c.c. of concen- 
trated nitric acid (sp, gr. 1*2) and about 12-5 c.c, of hydrochloric acid 
(sp. gr. M2). 

In English contracts for mineral phosphates it is usual to exclude 
the iron existing as pyrites from the determination of oxide of iron. 
With this end in view hydrochloric acid only must be used to decom- 
pose the phosphate, in which acid the pyrites is insoluble (Smetham). 

The solution is diluted to 500 c.c., 100 c.c. of the filtrate (=10 g. 
substance) placed in a 250 c.c. flask, 25 c.c, of sulphuric acid (sp. gr. 
1-84) added, allowed to stand for five minutes with occasional shaking, 
and then about 100 c.c. of 95 per cent, alcohol are poured into the 
solution. The contents of the flask are then cooled, the flask filled up to 
the mark with alcohol, thoroughly shaken, filled up again with alcohol 
(since considerable contraction takes place), and again shaken. The 
liquid is filtered after standing for half an hour, 100 c.c. of the filtrate 
evaporated in a platinum dish till all the alcohol is driven off, the 
solution then poured into a beaker, 50 c.c. of water added, and then 
bromine to ensure the complete oxidation of the iron to the ferric 
condition, and the excess of bromine boiled off. Ammonia is next 
added until the solution reacts alkaline; to avoid much effervescence 
1 ZariJtv, Vtr$uchs-SiaL y 1892 , 38 , 305 . 



FERRIC OXIDE AND ALUMINA 


415 


the boiling must be interrupted during this addition. The excess of 
ammonia is then boiled off. When cold, the precipitate is filtered off, 
washed with hot water, ignited and weighed ; it consists of ferric and 
aluminium phosphates. Half the weight thus obtained is regarded as 
# representing the Fe 2 0 3 + AI 2 0 3 . (This proportion is only a convention. 
In accurate tests, the precipitate should be analysed and the Fe 2 0 3 and 
PA determined. The A 1 2 0 3 is obtained by difference) (Smetham). 

Crispo’s method, though frequently recommended, is very compli- 
cated, lengthy, and by no means free from objections. 

It is in many cases important to know the separate percentages of 
ferric oxide and alumina, so as to be able to study the influence of each 
constituent on the manufacture; von Grueber 1 has recommendecKffe 
following method for this purpose : — 

Ten grams of the mineral phosphate or superphosphate are dis- 
solved, in a porcelain dish, in ioo c.c. of water and 20 c.c. of con- 
centrated hydrochloric acid, and the solution evaporated to dryness to 
separate the silica. The residue is taken up with very dilute hydro- 
chloric acid, the contents of the dish washed into a 5 00 c.c. flask, diluted 
to the mark, thoroughly mixed, and filtered through a folded filter. 
The filtrate serves for the estimations of phosphoric acid, ferric oxide, 
and alumina. 

(a) Alumina . — Fifty c.c. of the acid solution ( = i-o g. substance) are 
placed in a 200 c.c. flask and approximately neutralised with 20 per 
cent, sodium hydroxide solution ; a further 30 c.c. of the same sodium 
hydroxide solution are added, the mixture heated to boiling and left 
to stand in a warm place for about ten minutes, with frequent shaking. 
When cold, the solution is diluted to the mark, thoroughly mixed, 
and filtered through a folded filter. One hundred c.c. of the filtrate 
(= 0*5 g. substance) are just neutralised with hydrochloric acid, a slight 
excess of ammonia added, and the mixture heated to boiling. The 
aluminium phosphate thus precipitated is filtered off, washed with hot 
water till the filtrate no longer contains chloride, dried, ignited, and 
weighed. The weight of A 1 P 0 4 found, naultiplied by 41-8, gives the 
percentage of A 1 2 0 3 . # 

(J?) Ferric Oxide . — One hundred c.c. of the filtrate (=*2-o g. sub- 
stance) are placed in a 200 c.c. flask, reduced with zinc and sulphuric 
acid, the solution diluted to the mark and thoroughly mixed. 

A mixture of 200 c.c. of water and 50 c.c. of 20 per cent, sulphuric 
acid are placed in a beaker, to this 50 c.c. of the reduced iron solution 
added, and then titrated with potassium permanganate; the latter 
may be either semi-normal, or deci-normal, or merely empirically 
standardised by metallic iron. After this first titration another 50 c.c. 
of reduced iron solution are added to the liquid in the beaker and the 
+ 1 Landw . Versuchs-Stat^ 189 7 , 49 , 58 . 
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titration repeated ; then a third 50 c.c. are added, and if necessary, the 
operation is repeated a fourth time ; in general, the third titration will 
agree accurately with the second, and the figure thus obtained gives the 
percentage of iron. 1 

M. Hauffe’s method 2 also gives good results and may be applied in 
all cases, even to the estimation of minute quantities of iron in phos- 
phates and superphosphates. This applies also to F. Lichtschlag’s 
method, 3 in which the total alumina and total iron are estimated 
separately ; this method permits of the separate sesquioxides being 
very expeditiously estimated, even in presence of difficultly soluble 
aluminium silicates and pyrites. Stutzer’s method 4 is also still fre- 
quently used. 5 

Glaser’s method, as modified by R. Jones, 0 was adopted by the Fifth 
International Congress of Applied Chemistry (Berlin, 1903) for the 
estimation of iron and alumina. 

5. ESTIMATION OF FLUORINE 

The estimation of fluorine in minerals is one of the more difficult 
analytical determinations particularly in presence of carbonic acid, 
chlorine, and organic substances. Von Grueber 7 regards M. Hauffe's 
modified form of H. Offermann’s method 8 as the most reliable; this 
is founded on the conversion of the fluorine present into silicon fluoride, 
the decomposition of the latter by water and the titration of the hydro- 
fluosilicic acid formed with normal potassium hydroxide. 

The sample must be rendered anhydrous if accurate results are to 
be obtained. Raw phosphates must be dried at 150° to 170", or gently 
ignited ; superphosphates are weighed out into ,a small platinum dish, 
milk of lime added till the mixture is distinctly alkaline, the water 
evaporated off on the water-bath, and tfie residue dried and gently 
ignited. When cold, the residue is ground fine and transferred to a 
flask by means of a dry funnel ; the funnel and dish are then repeatedly 
“ rinsed ” with finely powdered, ignited quartz. 

The sulphuric acid to he used must, as nearly as possible, be pure 
monohydrate. Every part of the apparatus must be absolutely dry 
and the glass tubes must be in contact at the joint. The apparatus is 
arranged as follows (Fig. 66):— A gas holder A drives air into the 

1 Cf, Vol. I., p. 10a ; also the following papers in regard to the titration with permanganate 
in hydrochloric add solution : — W. C. Birch, Chew. News, 1909, 99, 6 X, 73 ; J. A, N. Friend, /. 
Ckem* Sac,, 1909, 95, 1228 ; G. C. Jones and J. H. Jeffery, Analyst , 1909, 34, 306. 

2 Chem, Zeit*, 1897, 21, 894. 3 Ibid 1897, 21, 264. 4 Z. angtw, Chtm , t 1890, 3, 615. 

B A full description of the methods for the estimation of Oxide of Iron and Alumina as 
usually applied in England is given in J* See, Chem, fnd 1 , 1893, 12, 112. 

® if. angew. Chm ^ 1891, 4, 3 ; /. Sac, Chem* Ind ,, 1891, 10, 387. 

7 Methods zur Untersuchung der Kunstdiingemitiel \ 1898, VoL II, 

8 Z, angew, Chem,, 1890, 3, 615. 



FLUORINE 


417 


wash-bottle B, containing an alkaline solution of potassium per- 
manganate ; from B the air passes through the wash-bottle C charged 
with concentrated sulphuric acid, and the absorption cylinders D and 
E filled respectively with granular soda-lime and small pieces* of fused 
calcium chloride. These portions of the apparatus must be of large 
size, so that they may serve for several fluorine estimations without 
being refilled. The flask F (capacity 300 to 400 c.c.) serves for the 
decomposition of the mineral ; it is closed by a trebly bored stopper 
through which pass a separating funnel with a long stem and two glass 
tubes bent at right angles. The current of dry air enters by the longer 
of these two tubes, the shorter conducts away the mixture of air and 
silicon fluoride. The flask G is not connected to the apparatus f'Vt 
contains as much concentrated sulphuric acid as is subsequently allowed 
to flow into F and is provided with a thermometer ; this flask serves 



chiefly to determine and regulate the proper temperature for the 
decomposition. e 

The two flasks, F and G, are placed on an iron plate covered with 
wire gauze, in such a way that both are equally heated. The dry, empty 
U-tube H is connected on the one hand to the decomposition flask F, 
on the other hand to the tube J, filled with freshly fused calcium 
chloride, which must not have an alkaline reaction. The tube K 
contains pumice soaked in anhydrous copper sulphate, and a little 
mercury is placed in the beaker M. A 15 or 20 c.c. pipette, L, cut 
through the middle and firmly clamped in a retort stand, serves as the 
delivery tube ; the edges must be ground as smoothly as possible after 
cutting, and this wider end of the tube is dipped 1 or 1-5 mm. deep in 
the mercury. 

The whole apparatus is first tested to make sure it is air-tight. 
The prepared substance is then placed in the flask F, together with 
fifteen to twenty times its weight of ignited quartz powder or finely 
powdered i^nd ; if sand be used it must be purified by treatment with 
II 2D 
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concentrated sulphuric and then .hydrochloric acid, and thoroughly 
washed and ignited. The substance and quartz are mixed by shaking 
round, and the flask is placed in position ; the beaker M is then 
filled with water, the amount being adapted to the probable content of 
fluorine (from 50 to 200 c.c.). An aqueous extract of quillaia is then 
added, made by boiling 1 g. of quillaia in too c.c, of water ; twelve to* 
sixteen drops of this extract arc added to every 100 c.c. of water in the 
beaker. This provision causes the formation of a slight film of foam 
on the surface of the water when air is bubbled through, and Urns 
ensures that the largest air bubbles give up the whole of their silicon 
fluoride to the water in M before bursting. 

current of air is then passed through the apparatus, anti ,50 to 
60 c.c. of pure, concentrated, cold sulphuric acid are allowed to flow into 
the flask F from the separating funnel ; the flask is then slowly heated 
to 150° to 155°, and, when decomposition is complete, is allowed to cool, 
air being passed through the whole apparatus for another hour. The 
contents of the beaker M are then titrated while hot with A'/ 1 or Nfz 
potassium hydroxide, litmus solution or phenolphthalein being used as 
indicator. • 

To make sure that the whole of the silicon fluoride has been driven 
out of the apparatus, the tube L may be replaced by a fresh one, and 
air conducted through the apparatus, with fresh water in M, for another 
half hour ; the second portion of water is then titrated. 1 c.c, Nj 1 
KOH =0-019 g* F - 


II.— SPECIAL DIRECTIONS FOR THE EXAMINATION 
OF INDIVIDUAL MANURES 

The following methods and directions have, in the main, been agreed 
upon by the Union of Agricultural Laboratories of the German Empire. 

I. PREPARATION OF SAMPLES IN THE LABORATORY, 

AND GENERAL DETERMINATIONS 

1. Dry samples of phosphates or other artificial manures should be 
sifted and then mixed, if possible. 

2. In the case of moist manures, where the above is not possible, 
preparation must be limited to careful and thorough mixing by hand. 

3. The samples must be weighed on arrival, and the various 
specimens must be carefully separated. Half of each sample is 
prepared for analysis ; the other half, up to 1 kg., is preserved in the 
unprepared state in tightly closed bottles, in a cool place, for three 
months, counting from the day of despatch of the analyst’s report. 
This does not apply to those cases in which*other conditions ase decided 
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upon, cither by special contract with the vendor of the manures in 
question, or by some other agreement. 

4. In the case of mineral phosphates and bone black, estimations of 
the percentage of moisture at 105’' to no must be shown. Ammonia 
must also be determined in the case of samples which lose ammonia in 
any form during drying. 

5. Whenever samples have to be referred, it should be made a rule 
to send to the chemists concerned only carefully selected average 
samples of at least 250 to 500 g. weight, packed in tightly closed glass 
vessels. 

6. The weight of the sample received must be stated in the 
certificate of analysis. 

7. In the case of substances which alter their percentage of moisture 
during pulverisation, moisture must be estimated in both fine and 
coarse substance; the result of the analysis must be re-calculated on 
the basis of the original coarse substance. 

8. The water-soluble and total phosphoric acid may be estimated in 
special cases by the molybdenum method, by the direct citrate method, 
or by the Lorenz method. 

9. The limits allowed to the vendor are 0-5 per cent, phosphoric 
add, 0*25 per cent, nitrogen, and 0*5 per cent, potash; and the analytical 
limits, u*3 per cent, phosphoric acid in all forms, 0*2 per cent, nitrogen in 
all forms, and 0*3 per cent, potash. 

2. ESTIMATION OF MOISTURE 

To estimate moisture in superphosphates, 1 10 g. of substance are 
heated for three hours ih a drying oven to roc’; the loss of weight is 
taken as moisture. In the case of other substances, 10 g. are weighed 
out and dried at 105"' to no' till the weight is constant 

3. EXAMINATION OF RAW PHOSPHATES 
A. Mineral FHusmmms 

{Phosphorite, Apatite, C'opro/ite, and Mineral Phosphates j;ef)era//j‘.) 

1. Moisture . — Ten grams of substance arc dried at 105 ‘ tu no till 
the weight is constant. 

2. Phosphoric Acid . — The substance is powdered as finely as possible 
in an agate mortar, and 5 g. boiled for half an hour in a 500 c.c. flask, 
either with 50 c.c. of aqua regia (consisting of three parts hydrochloric 
acid (sp. gr. M2) and one part nitric acid (sp. gr. 1-25)), or with a 
mixture of 20 c.c. of nitric acid (sp. gr. 1-42) and 50 c,c. of sulphuric 

* 1 lanJw . Venutks-Stat^ IS yt>, 38, 306. 
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acid (sp. gr. i-8). The solution, is* then dilutctl with water anti, when 
perfectly cold, diluted to the mark; it is then filtered and y ■ c.< . 
( = 0-5 g. substance) taken for the estimation of the phosphoric acid 
by the citrate, molybdate, or Lorenz method (if. pp. 3K0, 303, and 

To estimate phosphoric acid by the citrate method, ju o\ of the 
clear filtrate ( = 05 g. substance) are treated with too c.e, of citrate* 
solution (p. 393); after cooling, 25 c.c. of magnesia mixture are added, 
and the precipitate filtered in a Gooch crucible, after shaking or stirring 
for half an hour. 

If aqua regia be used to dissolve the raw phosphate, the silica must 
be separated if an accurate result is to be obtained. If sulphuric acid 
"Birmsed as solvent, the silica remains undissolved or separates in an 
insoluble form on boiling. 

3. Carbon dioxide. — Four to five grams of substance arc used, and the 
carbon dioxide estimated either in Seheibler's apparatus or gravi- 

inetricaily in that of Gcissler or 
Bunsen. The apparatus repre* 
sented in Fig, 67 may be used 
<3 with advantage, the arrangement 

of which is obvious. From t to 
3 g. of substance arc weighed out, 
according to the content of carbon 
dioxide, washed into the Ila.sk A 
(about 300 c.c. capacity) with a 
little freshly boiled water, the 
apparatus tested to ensure the 
joints beiijg air-tight, and about 
30 c.c. of phosphoric add (sp. gr. 1-3) then allowed to flow in from the 
funnel B, and the pinch-cock Q immediately re-closed. The flask A is 
first heated with a small flame, and the liquid finally boiled to drive 
out all the carbon dioxide. The pinch - cock Q is then opened, 
an aspirator attached to E, and about 2 to 3 litres of air sucked 
through the apparatus; the air must pass through a tube contain- 
ing solid potassium hydroxide before entering A. The potash 
bulbs, D, “are weighed both before and after the experiment, and 

the percentage of carbon dioxide calculated from their increase in 
weight. 

Carbon dioxide can also be accurately and rapidly estimated 
either by means of Lunge’s calcimcter or by Lunge and Rittener’s 
method. 1 

4. Ferric oxide and Aiumma are estimated as described on p. 414. 

' C f- Vok *•> PP- £49, £53, and 514 . 
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IS. Prio.si’iiATrc; Guanos 

(Pinker Island guano, Malden Island guano, and similar Phosphates.) 

1. Moisture. — Ten grams of substance are dried at 105' to no' 
•till the weight is constant. 

2. Total Phosphoric Add. — Ten grams of finely powdered substance 
are boiled with acid for half an hour in a 500 c.c. flask ; the 
acid may either be 50 c.c. aqua regia (made up of three parts 
hydrochloric acid (sp. gr. 1-12) and one part nitric acid (sp. gr. 1-25)), 
or a mixture of 20 c.c. of nitric acid (sp. gr. 1-42) with 50 'c.c. of 
sulphuric acid (sp. gr. r-8). When cold, the solution is diluted to the 
mark, filtered, and 50 c.c. (= t g. substance) used to estimate phosphoric 
acid by the citrate, molybdate, or Lorenz method. 

3. Nitrogen. — There is very little nitrogen in these manures; if it is 
required to be estimated 1 g. of substance are treated according to the 
Jodlbauer (p. 378) or Forster method (p, 379). 

4. Carbon Dioxide. — The method is the same as for mineral 

phosphates (p. 420). » 

5. Ash and Sand. — Five grams of substance are incinerated in a 
platinum crucible, and the residue weighed. The ash is then washed 
into a beaker or Krlenmeyer flask, boiled with 20 c.c. of hydrochloric or 
nitric acid for from a quarter to half an hour, the solution diluted and 
filtered, the filter thoroughly washed with hot water, and the residue 
dried, ignited in a platinum crucible, and weighed. 

C. Bonk Phosphates 

(Pone Charcoal, Pone Ash, Precipitated Pone Phosphate.) 

t. Moisture . — Ten grams of substance are dried at 105’ to no’ till 
the weight is constant. 

2. Phosphoric Acid, — The estimation is carried out as in the case of 
Phosphatic Guanos (p. 421). 

3. Nitrogen . — Only traces of nitrogen are present in these 
substances, and it is not customary to state the quantity in commercial 
analyses. If an estimation be desired, Kjeldahl’s method (p. 378) is 
employed, using 1 g. of substance. 

4. Carbon Dioxide is estimated as in mineral phosphates (p. 420). 

5. Insoluble Constituents . — Five grams of substance are dissolved in 
20 c.c. of aqua regia, the solution boiled for half an hour, diluted 
with water, filtered through a small filter, which is then washed with 
hot water until it no longer contains chloride, ignited and weighed. 

6. Free Lime (CaO). — Caustic lime often occurs in burnt bones. It 
is best determined by taking the difference between two carbon dioxide 
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estimations, the first of which is made on the original substance, and 
the second on a sample prepared by repeatedly moistening the 
substance with a concentrated solution of ammonium carbonate and 
then heating it till the latter volatilises; it must not be ignited. The 
amount of caustic lime present is calculated from the difference between 
these two estimations. 

D. Precipitated Phosphates 

Precipitated phosphates are prepared from basic slag, bone meal, 
bone ash, and mineral phosphates ; the precipitated phosphates prepared 
.from basic slag can easily be identified by the manganese they contain. 

These materials are dissolved in dilute hydrochloric acid, milk 
of lime added to the solution, the precipitate separated in a filter- 
press and dried. If the drying temperature is not too high, the 
phosphoric acid remains in the form of dibasic calcium phosphate. The 
value of a precipitated phosphate is determined by its total content 
of phosphoric acid and the percentage of phosphoric acid soluble in 
citrate solution. « 

1. Total Phosphoric Add. — Five grams of substance are boiled with 
50 c.c. of aqua regia, and the solution treated as described above. 

2. Phosphoric Add soluble in Citrate Solution. — This is determined 
by Petermann’s method (p. 400). 

3. Ferric Oxide and Alumina. — These estimations, if required, are 
carried out by Glaser’s method (p. 414). 

4- EXAMINATION OF SUPERPHOSPHATES 

r. Moisture. — Ten grams of superphosphate are dried in the oven 
for three hours at too"; the loss in weight ^ives the moisture. 

2. Phosphoric Acid soluble in Water. — The superphosphate is 
extracted as follows: — Twenty grams are placed in a litre flask, Soo c.c, 
of water poured in, anti the flask continuously and vigorously 
shaken for thirty minutes.^ The solution Ts then diluted to the mark 
with water, the liquid vigorously shaken, and filtered immediately. 1 

The shaking is effected by means of a sfx:cial shaking or rotation 
apparatus, worked by hand or by any kind of motor ; one hundred and 
fifty revolutions per minute is recommended as the standard speed for 
the shaking apparatus ; for the rotation apparatus, cf. p. 403. 

The determination of the phosphoric acid soluble in water may be 
done either volumetrically by the uranium method (p. 387), or 
gravimetrically by the molybdate (p. 389), citrate (p. 303), or Lorenz 
method (p. 397). 

In the citrate method, 50 cc. of the clear aqueous filtrate 

1 Landxo, Vermcfo-SlaL, 1^97, 49, 29. r 
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( — i g. substance) are treated with 50 c.c. of citrate solution prepared 
according to the directions on p. 394, 25 c.c. of magnesia mixture 
(p. 394) then added, the mixture shaken for half an hour, filtered 
through a Gooch crucible, and the latter ignited and weighed (cf. 
p. 393). In the Lorenz method, 10 c.c. (-- 0-2 g. substance) of the 
* solution are made up to 50 c.c. with the nitric-sulphuric acid solution, 
and the estimation conducted as described above. 

Solutions of double superphosphates must be boiled with nitric 
acid before precipitating the phosphoric acid ; this converts any 
pyrophosphoric acid which may be present into ortho-phosphoric 
acid; 10 c.c. of concentrated nitric acid are added for 25 c.c. of 
solution. 

Twenty-five c.c. of the aqueous solution (—05 g. substance) are 
diluted with 50 to 75 c.c. of water, to c.c. of concentrated nitric 
acid (sp. gr. 1 -4) added, and the solution heated for an hour on 
the sand-bath ; excess of ammonia is added, the solution just acidified 
by a few drops nitric acid, and, when cold, 50 c.c. of citrate solution and 
25 c.c. of magnesia mixture added ; the further treatment is the same 
as in the case of superphosphates. The precipitate must be ignited 
for about ten minutes in a Rossler furnace. 

3. Phosphoric Acid soluble in Citrate Solution . — Only a small 
quantity is present in superphosphates as a rule, and it is, therefore, 
rarely estimated ; if, in exceptional cases, the determination be required, 
the substance must be treated by Petcrmann’s method, as described on 
p. 400, 

The percentage of phosphoric acid soluble in citrate solution in 
superphosphates, as given by Petermann’s method, must be determined 
and stated separately ; the term “soluble in citrate” must not be used 
to denote the sum of the' phosphoric acid soluble in water and that 
soluble in citrate solution.* 

4. Total Phosphoric Acid . — This is estimated as in the case of 
Phosphatic Guanos (p. 421). 

5, EXAMINATION OF HA'S I C SLAGS 

Basic slags which 'appear to contain coarser particles may be 
sifted through a 2 mm. sieve ; the coarse, agglomerated particles 
remaining on the sieve are broken up by applying slight pressure 
while they are still on the sieve. Phosphoric acid is then estimated in 
the portion which passes through the 2 mm. sieve, the coarser particles 
being taken into account in calculating the result. 

In the estimation of the phosphoric acid in basic slags it is 
customary in England to state the result on the whole sample as 
received. 


1 Cf* landw* I 1897, 49, 6a, 
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I. Total Phosphoric Add . — According to Logos, 1 the slat.' muni I>e 
decomposed by concentrated sulphuric acid. 

Ten grams of substance are placed in a i cxxi c.c. flask, moistened 
with a little water, and shaken round; 5 c.c. of dilute sulphuric acid 
(1:1) are added, and the thick pasty mass thus formed vigorously 
shaken round, so that nothing sticks to the bottom, and 50 c.c. of con- 
centrated sulphuric acid then slowly added to this almost solid mass ; the 
mixture is well agitated, and heated with frequent shaking for a quarter 
to half an hour on a wire gauze or asbestos till white fumes are evolved 
and a thin uniform paste is obtained. This is carefully diluted with 
water before it has completely cooled, the flask well shaken, cooled, 
•idled to t}i e mark, and the solution then filtered through a double 
folded filter. If the filtrate is allowed to stand for some time a quantity 
of calcium sulphate will separate out, owing to the decomposition of 
acid calcium sulphate ; this, however, does not influence the accuracy 
of the results. 

If phosphoric acid is to be estimated by the citrate method, 50 c.c. 
of the filtrate (= 05 g. substance) are treated with 100 c.c. of ordinary 
citrate solution, cooled, and 25 c.c. of magnesia mixture added. Aqua 
regia and nitric acid must not be used as solvents, since they dissolve 
phosphide of iron and oxidise it to phosphoric acid ; hydrochloric add 
must also be excluded as solvent, since it dissolves all impurities and 
foreign constituents of the slag; these accompany the magnesia 
precipitate, and the results obtained are too high. The solution is 
shaken for half an hour, filtered, the precipitate ignited, and weighed 
when cold. For Lorenz’s method, 1 5 c.c ( = 0 1 5 g. substance) are taken. 

If phosphoric acid is to be estimated by the molybdate method, 50 c.c. 
of the filtrate are treated with too c.c. of molybdate solution (p‘ 3X9) 
and the phosphoric acid determined as usuaffp. 392). 

2. Phosphoric Add soluble in Citric Add Solution. —Basic slags are 
now almost exclusively sold according to the percentage of phosphoric 
acid soluble in citric acid solution, and the price is regulated by this 
percentage. Hence, if a knowledge of the total phosphoric acid is not 
particularly required, only that soluble in citric acid is estimated, the 
usual method being that by direct precipitation described on p. 406. 

In the case of arbitration analyses, in which the estimation of 
phosphoric acid soluble in citric acid in basic slags is concerned, the 
direct precipitation method of Botteher should be used.* 

Recently, basic slags have frequently been found to contain a high 
percentage of silica ; in such cases the results of the direct method are 
very liable to be too high, so that every slag must first be tested for 

1 landw. VersucAs-Siat,, 1888, 35, 2 ; 1894,43, 424. 

1908 C/ ' P * 5 Th * Fcrtiliser * and Feedin * Sttlff * (Methods of Analysis) Regulation*. 
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silica hy the fr»llinvm{j method, <lt-srrnK*d by O, Kellner and O. Ih’Utcher :* — 
Fifty c.c. of the citric acid solution are boiled for about a minute 
with 50 e.c. of ammoniacal citrate solution, and then placed aside 
for five to ten minutes. If a precipitate separates which is not 
complete!)' soluble in hydrochloric acid, the amount of soluble silicic 
•acid present will be liable to vitiate the results of Bdttcher's direct 
precipitation method. The* following ammoniacal citrate solution is 
user! : — KIcven hundred grams of citric acid and 4ocx'>g. of 24 per cent, 
ammonia, dissolved in water and diluted to 10 litres. If the 
presence of silica is indicated by this preliminary test, it must be 
separated as follows Seven and a half ec. of hydrochloric acid 
(sp. gr. MJ), or 5 c.e. of fuming hydrochloric add, are added to 
100 e.c. of the citric acid extract, and the solution evaporated on 
the water-bath till it forms a syrup and no longer smells of hydro- 
chloric acid. This residue, while still hot, is thoroughly stirred up 
with 1*5 to 2*0 c.c of hydrochloric acid (sp. gr. M2), dissolved in a 
little water, transferred to a 100 c.c. flask, diluted to the mark, and 
filtered; 5 o c.c. of the filtrate are used to estimate the phosphoric acid 
hy the direct method. % 

Usually, a normal slag with a very high percentage of silica, as 
shown by the separatum of silica in the above preliminary test, will 
give accurate results by the direct method without the separation of 
the silica, provided that all operations follow each other with the least 
possible delay, and that each is conducted as rapidly as possible. 

In the case of slags low in iron which give clear citric add solutions, 
free from green colour Wolter phosphate, etc,), the silica must 
always be separated, since the direct method gives too high figures in 
such cases. WcihuiP' states that an addition of 01 g. of ferric chloride 
to 50 c.c of the citric acrid extract prevents the precipitation of silicic 
acid, 

I 4 , Wagner prevents the separation hy the addition of 10 c.c. of 
20 per cent, ferrous chloride solution to 1 litre of citrate-magnesia 
mixture, and then treats 50 c.c. of the phosphate solution with 50 c.c, 
of this iron-citrate-inagnesiii mixture. lie has proposed the following 
method for the estimation of citrate-soluble phosphoric add in basic 
slags, irrespective of whether the content of silica is considerable or not 

One hundred c.c. of the citric acid extract is treated with 50 c.c. of 
a citric acid-magnesia mixture made up as follows : — Two kilograms of 
citric acid and 400 g, of ammonium chloride are placed in a to litre flask 
with 2 litres of water, and 5 litres of 20 per cent, ammonia added ; the 
flask Is corked and allowed to stand till solution is complete; 550 g. of 
magnesium chloride are then added, and the whole made up to to litres. 
The extract, together with the added citric acid-magnesia mixture, is 
/V 1905, 26, U5I- ihuLt 1902, 2 < 5 , 297. 
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placed in a 200 c.c, flask, heated _gcptly for 15 minutes until the silira 
has separated, the contents of the flask mixed so as to make the silica 
collect and settle, and the heating then continued to incipient boiling. 
After allowing to cool, 25 c.c. of nitric acid of sp. gr. M’j are added, 
and the flask allowed to stand for half an hour; during this period the 
contents of the flask are shaken round a few times. The flask is then 
filled up with water, a rubber stopper inserted, and the whole vigorously 
shaken so as to cause the silica to collect in a finely divided state. The 
solution is then filtered off, 1 00 c.c. of the filtrate (-- 0-5 g. substance) 
treated with 50 c.c. of 10 per cent, ammonia, and shaken for half an hour 
in a Stutzer’s apparatus. The precipitate is then filtered, either at once 
"t>r after standing for several hours, and treated as usual. 

Lorenz’s method (p, 397) can also be applied to the analysis of all 
basic slags, as its accuracy is not affected by the presence of silica. 

3. Lime , etc. — The estimation of the total lime in baric slag requires 
great care, and is best effected by Ilollemann’s method,' Fifty c.c. of 
the hydrochloric acid solution of the sample (containing 1 g. substance) 
are concentrated to a small bulk, and then 20 c.c. of neutral ammonium 
oxalate solution (1 : 3) are stirred in ; the mixture is digested on the 
water-bath until the precipitate is a pure white and free from lumps ; 
this is generally attained in about ten minutes. The precipitate is 
then filtered, washed with hot water till the filtrate is free from oxalic 
acid, redissolved in the smallest possible quantity of concentrated 
hydrochloric acid, the solution concentrated if necessary to 25 c.c., and 
treated with 10 c.c, of sulphuric acid (t : 3) and 150 c.c. of yd per cent, 
alcohol. The precipitate is filtered off after standing for three hours, 
washed with alcohol till the filtrate is free from acid (as shown by 
methyl orange), and ignited ; the lime is thus weighed as calcium 
sulphate. * 

Other constituents, such as manganese, iron, and magnesia, are 
estimated in the hydrochloric acid solution in the usual way, 

A by no means negligible quantity of the lime is present in the 
free state ; if this is to be estimated, 2 g, of substance are shaken with 
200 c.c. of to per cent sugar solution in a 300 c.c. flask, the solution 
diluted to the mark, filtered, and the calcium precipitated in an aliquot 
part of the filtrate by ammonium oxalate ; the calcium oxalate may be 
either titrated with permanganate or estimated gravimetrically.* 

4. Silicic Arid ami Sami. —Five grams of the slag are digested with 
20 to 25 cc. of concentrated hydrochloric acid on the water-bath, 
evaporated to dryness, and the residue dried in the oven at 120* to 130“, 
so as to separate the silica. The dry residue is taken up with water 
containing a little hydrochloric acid, filtered, the residue washed with 
hot water, dried, ignited, and weighed as silica plus sand. 

U Ck*m. '/fit., 189a, 16, * 471 - * Cf. }. Headrick’/. .*W, Oam. 190* rf, 775 . 
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If the sand is to be estimated separately the weighed residue is 
extracted by boiling with a solution of sodium carbonate containing a 
little sodium hydroxide, the sand filtered off, washed with hot water, 
and weighed. 

5. Sf'ca'Jh- (imritf . — The specific gravity of basic slag varies from 
300 to 3.33 ; it is determined, as in the case of cement, by means of 
Schumann's volumeter. 1 The following method, due to Logos, may 
also be used : — Twenty grams of the slag are placed in a 50 c.c. flask and 
alcohol added from a burette; the flask is then shaken or tapped to 
remove air-bubbles, and filled to the mark. 

<1. Fine .1 lenl. -—Now that basic slags are no longer sold according to 
their total content of phosphoric acid, but exclusively according to tht; 
percentage of phosphoric acid soluble in citric acid solution, the 
determination of fine meal has become superfluous; the effective value 
of a slag can he judged solely from its percentage of phosphoric acid 
soluble in citric acid solution. If in an exceptional case the determina- 
tion of fine meal should be required, it is conducted as follows-: — 
Fifty grams of the slag are placed on a sieve of not less than 20 cm. 
diameter, and of rn.ooo meshes to the sq. in. ; :l the* sieve is shaken for 
fifteen minutes by hand, or in a suitable shaking apparatus. The 
difference between the 50 g. taken and the weight of the residue 
remaining on the sieve is taken as the percentage of the fine meal. 

7. Identification <\f Adulterations in ilnsic Sia:;s. — The examination 
for adulterations has also really become unnecessary by the introduction 
of the content of available phosphoric acid (/>., that soluble in citric 
•acid) as the basis of valuation. This is at any rate the case with adultera- 
tion with raw phosphates; such materials as phosphorite, Redonda 
phosphate, etc., which were formerly used to adulterate, are almost or 
completely insoluble in a 2 jwr cent, citric acid solution, so that such 
additions no longer pay. 

If, nevertheless, it is required to examine a slag for adulteration, 
the moisture is first determined ; 5 g. of the substance are heated fur 
three hours in a platinum dish in tin: dying oven at 108 , and then 
ignited for fifteen minytes. Pure basic slag only contains traces of 
water ; hence, if a slag loses appreciably more than 05. per cent, in 
weight on ignition it should be considered suspicious and further 
examined. The presence of n large amount of Redonda phosphate 
or of precipitated phosphate can be recognised by a specific gravity 
determination ; liquids suited to effect a separation are bromoform 
(sp. gr. 2-775), solution of mercuric iodide in potassium iodide, and a 
solution of cadmium boro-tungstate (sp. gr. 3-3). Richter and Forster * 
detect the presence of Redonda phosphate as follows -The substance 

> C/. Vol. !., p. 698. * No. too. A rn4ii.l in KaM, Hamburg. 

* imtdtb. 188B, 35, 8. * .Vi Uni 4 , 4 . /., 67r„ 1890-91, p. 131. 
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placed in a 200 c. c. flask, heated jjejitly for 15 minutes until the silica 
has separated, the contents of the flask mixed so as to make the silica 
collect and settle, and the heating then continued to incipient boiling. 
After allowing to cool, 25 c.c. of nitric acid of sp. gr. m.’.| are added, 
and the flask allowed to stand for half an hour; during this period the 
contents of the flask are shaken round a few times. The flask is then* 
filled up with water, a rubber stopper inserted, and the whole vigorously 
shaken so as to cause the silica to collect in a finely divided state. The 
solution is then filtered off, 100 c.c. of the filtrate (• •0.5 g. substance) 
treated with 50 c.c. of 10 per cent, ammonia, and shaken for half an hour 
in a Stutzer’s apparatus. The precipitate is then filtered, either at once 
"'Or after standing for several hours, and treated as usual, 

Lorenz’s method (p. 397) can also he applied to the analysts of all 
basic slags, as its accuracy is not affected by the presence of silica. 

3. Lime, etc. — The estimation of the total lime in bade slag requires 
great care, and is best effected by Holletnann’s method, 1 Fifty c.c. of 
the hydrochloric acid solution of the sample (containing J g. substance) 
are concentrated to a small bulk, and then 20 c.c, of neutral ammonium 
oxalate solution (1 : 3) are stirred in ; the mixture is digested on the 
water-bath until the precipitate is a pure white and free from lumps ; 
this is generally attained in about ten minutes. The precipitate is 
then filtered, washed with hot water till the filtrate is free from oxalic 
acid, redissolved in the smallest possible quantity of concentrated 
hydrochloric acid, the solution concentrated if necessary to 25 c.c,, ami 
treated with 10 c.c. of sulphuric acid (1 : 3) and 150 c.c. of 96 per cent, 
alcohol. The precipitate is filtered off after standing for three hours, 
washed with alcohol till the filtrate is free from acid (as shown by 
methyl orange), and ignited ; the lime is thus weighed as calcium 
sulphate. * 

Other constituents, such as manganese, iron, and magnesia, are 
estimated in the hydrochloric acid solution in the usual way, 

A by no means negligible quantity of the lime is present in the 
free state ; if this is to be estimated, 2 g, of substance arc shaken with 
200 c.c. of to per cent sugar solution in a 300 c.c. flask, the solution 
diluted to the mark, filtered, and the calcium precipitated in an aliquot 
part of the filtrate by ammonium oxalate ; the calcium oxalate may be 
either titrated with permanganate or estimated gravimetrical!)*.* 

4. Silicic Acid and Sami — Five grams of the slag arc digested with 
20 to 25 c.c. of concentrated hydrochloric acid on the watcr-bath, 
evaporated to dryness, and the residue dried in the oven at 120 to 130 6 , 
so as to separate the silica. The dry residue is taken up with water 
containing a little hydrochloric acid, filtered, the residue washed with 
hot water, dried, ignited, and weighed as silica plus sand, 
i 1 Chtm. Ztu., i8$», i<$, 1471. s Cf. J. Hendrick" J. S*. Oam, M., 1909, s8, 77$. 
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If the sand is to be estimated separately the weighed residue is 
extracted by boiling with a .solution of sodium carbonate containing a 
little sodium hydroxide, the sand filtered off, washed with hot water, 
and weighed. 

• S- S/’ca'fie (, rarity. — I he specific gravity of basic slag varies from 
3'00 to 3-33 ; it is determined, as in the case of cement, by means of 
.Schumann’s volumeter. 1 The following method, due to Logos, may 
also be used Twenty grams of the slag are placed in a 50C.C. flask and 
alcohol added from a burette ; the flask is then .shaken or tapped to 
remove air-bubbles, and filled to the mark. 

0 . !• me Jf cal. —Now that basic slags are no longer sold according to 
their total content of phosphoric acid, but. exclusively according to the 
percentage of phosphoric acid soluble in citric acid solution, the 
determination of fine meal has become superfluous; the effective value 
of a slag can be judged solely from its percentage of phosphoric acid 
soluble in citric acid solution. If in an exceptional case the determina- 
tion of fine meal should be required, it is conducted as follows'-:— 
Fifty grams of the slag are placed on a sieve of not less than 20 cm. 
diameter, anti of 10,000 meshes to the sq. in. ; :i the* sieve is shaken for 
fifteen minutes by hand, or in a suitable shaking apparatus. The 
difference lietwecn the 50 g. taken and the weight of the residue 
remaining on the sieve is taken as the percentage of the fine meal. 

7. Identification of Adulterations in /task S/an's . — The examination 
for adulterations has also really become unnecessary by the introduction 
of the content of available phosphoric acid ( i.e that soluble in citric 
acid) as the basis of valuation. This is at any rate the case with adultera- 
tion with raw phosphates; such materials as phosphorite, Rcdonda 
phosphate, etc, which were formerly used to adulterate, arc almost or 
completely insoluble in a 2 per cent, citric add solution, so that such 
additions no longer pay. 

If, nevertheless, it is required to examine a slag for adulteration, 
the moisture is first determined ; 5 g. of the substance are heated for 
three hours in a platinum dish in the drying oven at 108 , and then 
ignited for fifteen minutes. Pure basic slag only contains traces of 
water; hence, if a slag loses appreciably more than o 5* per cent, in 
weight on ignition it should be considered suspicious and further 
examined. The presence of a large amount of Rcdonda phosphate 
or of precipitated phosphate can be recognised by a specific gravity 
determination ; liquids suited to effect a separation are bromoform 
(sp. gr. 2-775), solution of mercuric iodide in potassium iodide, and a 
solution of cadmium boro-tungstate (sp. gr. 3-3). Richter and Forster 4 
detect the presence of Rcdonda phosphate as follows : — The substance 

1 Cf. Vol. I., p. 698. * N’a loo, AmauJus Knhl, Hamburg. 

3 lamlto. I VrsmAs-Sta/., 1888, 35, 8. * Stit’.ni. d, d. C/s,, 1890-91, p. 131. 
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is shaken with cold sodium hydroxide solution, filtered, the filtrate just 
acuhfied with hydrochloric acid, and then a slight excess of ammonia 
added ; it is said that 5 per cent, of Redonda phosphate will give rise 
to a bulky gelatinous precipitate of aluminium phosphate. 

To recognise the presence of phosphorite meal as an adulterant 
Bottcher 1 recommends the following test for the presence of fluorine * 
Ten to fifteen grams of the slag are placed in a beaker about 10 cm. 
high and 5 to 6 cm. wide,. 15 c.c. of concentrated sulphuric acid poured 
on, the mixture stirred with a glass rod, and the beaker quickly covered 
with a clock-glass carrying a drop of water on its under side If a 
white, snow-like border is formed round the drop, it may be concluded 
'Wittu certainty that a mineral phosphate has been added. The clock- 
glass is removed after five to ten minutes, and it can then generally 
be distinctly seen whether it has been attacked by the hydrofluoric acid. 
Additions of 10 per cent, of raw phosphate can be thus detected. 


6. PERUVIAN GUANO, CHINCHA ISLANDS GUANO, ETC. 

' A. Raw Peruvian Guano 

1. Moisture. This cannot be estimated in Peruvian guano in the 
ordinary way, since ammonia compounds would volatilise along with 
the water at 110“. It is, therefore, necessary to estimate the amount 
of ammonia volatilised, so that the true percentage of moisture may be 
calculated from the total loss in weight on drying. For this purpose 

g. of the sample are weighed into a porcelain boat, which is then 
placed in the middle of a glass tube resting in a drying oven. One end 
of the tube is attached to a calcium chloride tube, the other to a Will 
and Varrentrapp receiver containing 100 c.c. of standard sulphuric acid 
The oven is heated to no 0 , and a current of dry, ammonia-free air is 
slowly sucked through the apparatus by means of an aspirator. After 
one hours heating the apparatus is disconnected, the boat allowed to 
cool m a desiccator and weighed ; this gives the total loss in weight. 
Titration of the sulphuric acid in the receiver gives the amount of 
ammonia volatilised, which, subtracted from the total loss, gives the 
true percentage of moisture. * b 

A .J" p h°sphonc Acid.— This occurs in raw Peruvian guano in three 
f ° rmS ’ V1Z ’’ S ° IubIe in water ’ S0lubIe in citrate solution, and 

Phosphoric acid soluble in water is estimated as in the case of 
superphosphates (p. 422). 

Phosphoric acid soluble in citrate solution is estimated by Peter 
mann’s method (p.- 400). y 

The insoluble or total phosphoric acid is determined by treating 

1 Chem t Zeit 1894, * 8 , 565. 
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io g. of substance exactly as in th<j case of phosphatic guanos (p. 421), 
either with aqua regia, or with a mixture of nitric and sulphuric acids, 
and estimating the phosphoric acid by the citrate, molybdate, or Lorenz 
method. 

3. Nitrogen. — Nitrogen also occurs in Peruvian guano in three 
different forms, viz., as organic nitrogen, combined as ammonia, and 
combined as nitric acid. 

The total nitrogen is estimated in 1 g. of substance by Jodlbaur’s 
or by Forster’s method (cf pp. 378 and 379). 

The nitrogen combined as ammonia is liberated by distillation with 
ignited magnesia containing as little carbon dioxide as possible. Fifty 
c.c. (=1 g. substance) of the aqueous extract obtained in estimating* 
the phosphoric acid soluble in water are diluted with 150 c.c. of water, 
3 S' °f ignited magnesia added, and 100 c.c. of the liquid distilled off 
{cf. p. 380). 

To estimate the nitrogen combined as nitric acid, 50 c.c. (=1 g. 
substance) of the aqueous extract obtained in estimating phosphoric 
acid soluble in water are placed in the distillation flask of the Kjeldahl 
apparatus, 120 c.c. of water, 5 g. of reduced iron, Vbout 5 g. of well- 
washed, nitrogen-free, zinc dust, and lastly, 80 c.c. of sodium hydroxide 
solution of sp. gr. 1*28 added, and the flask connected to the distillation 
apparatus, 20 c.c. of standard sulphuric acid being placed in the receiver. 
The flask is allowed to stand for from one to two hours, with frequent 
shaking, about 100 c.c. of liquid are distilled off, and the distillate titrated 
in the usual way. This estimation gives the nitrogen combined as 
ammonia and that present as nitric acid ; the former being known, the 
latter is calculated b^ difference. The nitrogen combined as nitrate 
can also be estimated by the Schlosing-Grandeau- Wagner method (cf 

р. 381). 

The percentage of organic nitrogen is obtained by subtracting that 
combined as ammonia and as nitric acid from the total nitrogen. 

4. Potassium. — Ten grams of substance are incinerated, the ash 
dissolved in dilute hydrochloric acid, and the solution diluted to 500 

с, c. ; 100 c.c. of this solution are then used for the estimation, as 

described on p. 410. • 

5. Ash. — Five grams of substance are incinerated in a platinum dish 
at the lowest possible temperature, and the ash weighed when cold. 

6. Examination as to Purity. — The name “ Peruvian Guano ” is 
frequently applied to commercial manures which are artificially 
prepared mixtures of superphosphate, ammonium sulphate, Chili 
saltpetre, etc. 

The importation of Peruvian guano into England has decreased 
largely of late years, and it is the exception to find it misdescribed. 
The tern* “ Guano ” is, however, often wrongly applied to mixtures and 
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to other materials, such as residues from extract of meat residues, but 
usually some qualifying word is* used, such as “ Meat guano,” “ Fish 
guano,” etc. 

An examination of Peruvian guano as to its genuineness is 
therefore very desirable. For this purpose the oxalic acid is first 
estimated. In genuine Peruvian guano it is present, and rises, up to * 
1 8 per cent., with the content of nitrogen. The quantitative estima- 
tion of the total oxalic acid is carried out as follows: 1 — Five grams of 
substance are boiled with 20 g. of sodium carbonate and about 20 c.c. 
of water in a 500 c.c. flask ; when cold, the solution is diluted to the 
mark and filtered. Fifty or one hundred c.c. of the filtrate are just 
-acidified with acetic acid, and the boiling solution precipitated with 
calcium acetate solution. The precipitated calcium oxalate is then 
treated in the usual way. 

The presepce of uric acid also serves as a test for the genuineness of 
Peruvian guano. This is tested for qualitatively by pouring dilute 
nitric acid on to a small quantity (1 to 2 g.) of the sample, and carefully 
evaporating to dryness. A yellow or yellowish red residue, changed 
to a fine purple by^a trace of ammonia, indicates the presence of uric 
acid (murexide reaction). The addition of potassium or sodium 
hydroxide to the residue turns it reddish blue. The best method 
for the quantitative determination of uric acid is that of A. Stutzer 
and A. Karlowa. 2 


B. Dissolved Peruvian Guano 

Only the percentages of phosphoric acid soluble in water and of 
the total nitrogen are usually estimated in this for«m of guano. 

1. Phosphoric Acid soluble in Water is determined as in the case of 
superphosphates (p. 422). 

2. Total Nitrogen is determined as in Peruvian guano (p. 429). 

7. FISH GUANO, MEAT-MEAL, DRIED BLOOD, LEATHER AND HORN 
WASTE, POUDRETTE* WOOLLEN WASTE, SHODDY, ETC. 

L Moisture. — Five grams of substance are dried in the oven at ioo° 
till the weight is constant. 

2. Phosphoric Acid. — Ten grams of substance are boiled for half an 
hour in a 500 c.c. flask, either with 50 c.c. of aqua regia, or with a 
mixture of nitric and sulphuric acids, as described on p, 421 ; the 
solution is diluted with hot water, cooled, diluted to the mark, filtered, 
and 50 c.c. of the filtrate used to estimate the phosphoric acid either by 
the citrate, molybdate, or Lorenz method. 

1 Fresenius, Quantitative Analysis , translated by C. E. Groves, vol. ii., p, 586, 

2 Chem. Zeit. , 1896, 20, 721. • 
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3. Nitrogen . — One gram of substance is decomposed either by 
Kjeldahl's or by Gunning's method (p. $77). If the substance is difficult 
to break up, so that 1 g. does not give a good average sample, 3 to 5 g. are 
weighed out, decomposed by 50 to 60 c.c. of sulphuric acid in* presence 
of 2 to 3 g. of mercury, and the solution, when cold, washed into a 300 

# or 500 c.c. graduated flask, cooled, diluted to the mark, shaken vigorously, 
and then 100 c,c. distilled in the usual way. 

4. Ash and Sand are determined as in the case of phosphatic 
guanos. 

8 . BONE-MEAL 

A. Raw and Steamed Bone-Meal, Boiled Bones 

1. Moisture . — Five grams of substance are dried in the oven at ioo° till 
the weight is constant. 

2. Phosphoric Acid, — Ten grams of substance are decomposed and 
treated exactly as in the case of fish guano, dried flesh, etc. (cf. 
No. 7, p. 430). 

3. Nitrogen is estimated in 1 g. of substance eithgr by Kjeldahl's or 
Gunning's method (p. 377). 

4. Ashy Organic Matter , and Sand, — The following determinations 
must be made in order to judge whether a bone-meal has been 
manufactured solely from bones : — Five grams of substance are slowly 
incinerated in a platinum crucible or small platinum dish, the ash 
weighed when cold, thoroughly moistened with ammonium carbonate 
solution, dried at 160° to 180°, and weighed again. The residue thus 
obtained is called the “ ignition residue." It is then boiled in a beaker 
with 20 c.c. of hydrochloric acid and a little water for half an hour, 
until everything has dissqjved except the sandy portions of the 
sample and traces of unburnt carbon. The insoluble residue is 
collected on a filter, washed with boiling water, ignited, and weighed. 
After deducting the weight of the filter ash, the amount found is 
calculated as sand. Up to 9 per cent, of sand is admissible ; a higher 
percentage than this proves adulteration. • 

Although sold in England upon a guarantee of phosphate and 
nitrogen, there is no fixed standard for the percentage of sand. The 
u ignition residue ” minus the sand gives the amount of bone-ash. 

The organic matter is given by the difference : 100 — (water + sand 
+ bone-ash). 

Inferior phosphorite, rich in ferric oxide, is sometimes used to 
adulterate bone-meal. To detect this, Lorenz 1 recommends the 
following method : — Thirty grams of the bone-meal are treated 
with 10 to 15 c.c. of dilute sulphuric acid (1 : 1) in a beaker, stirred 


1 Centralblafi fur Agrikulture , 1889, p. 89. 
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round with a glass rod, and quickly covered by a clock-glass with a 
drop of water on its under sale. The presence of fluorine in the 
substance will give rise to the formation of a distinct white border 
round the drop ; the border gradually increases in breadth and shows 
a delicate snow-like structure, which conclusively proves the presence of 
mineral phosphates. 

Calcium sulphate is often added for the purpose of combining with 
ammonia formed from bones which have decomposed during storing. 
Bone-meal only contains a small quantity of sulphuric acid, so that the 
addition of calcium sulphate can be detected by the presence of much 
sulphuric acid. 

** The addition of sawdust is most easily detected by sulphuric acid, 
or microscopically ; the acid colours sawdust black, while the organic 
constituents of bones are not coloured. 

Brazil-nut dust is also used as an adulterant; it may very easily 
be detected by the microscope. 

5. Skin and Horn Constituents , — Ten grams of the original bone- 
meal are placed in a glass cylinder of about 120 c.c. capacity, and 
vigorously and repeatedly agitated with about 100 c.c. of chloroform ; 
after standing for a short time the horn-meal, etc., collects on the top, 
and may be conveniently removed by means of a small spoon and 
transferred to a dry filter without disturbing the bone-meal which 
collects at the bottom of the cylinder. The whole is then stirred up 
again, allowed to stand, and skimmed until horn-meal no longer collects 
on the surface of the chloroform. ■ The filter and contents are washed 
with ether, dried at 90° to ioo°, and weighed. The whole of the dried 
horn-meal is then used for a Kjeldahl nitrogen estimation. 

6. Carbon Dioxide is estimated as in mineral phosphates (p. 420). 

7. Fat — To decide whether the bone-nfeal has been manufactured 
from bones which have or have not been deprived of fatty matter, it 
suffices to estimate the percentage of fat in the meal. For this purpose 
5 g. of the finely powdered substance are dried in the oven at uo fJ till 
the weight is constant, then mixed with 10 g. of washed and ignited 
sand, and extracted with etfier in the usual way. 

8. Fineness . — This factor must also be considered in judging the 
value of bone-meal as a manure. It is determined as follows : — One 
hundred grams of the meal are separated into four portions of different 
degrees of fineness by means of three sieves. Stohmann has pro- 
posed the use of the following sieves: No. I., with 1089 meshes per 
square centimetre; No. II., with 484; No. Ill, with 256; that portion 
of the meal which remains on sieve No. III. is designated as meal 
No. IV. 
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B, Dissolve Bones 

1. Moisture . — Ten grams of substance are dried for three hours in 
the drying oven at ioo°. 

2. Phosphoric Acid soluble in Water \ — As in superphosphates (p. 422). 

- 3. Total Phosphoric Acid. — As in raw and steamed bone-meals 

(P- 43 0- 

4. Nitrogen. — One gram of substance is decomposed either by 
-• Kjeldahl’s or Gunning’s method (pp. 375 and 377). 

In so-called partially dissolved bone-meals, phosphoric acid soluble 
in citrate is generally guaranteed, as well as that soluble in water, and 
also the total phosphoric acid ; the former is determined by Petermann’s - 
method (p. 400). 

9. PHOSPHATIC GYPSUM 

1. Moisture . — Five grams of substance are dried in the oven at 
IIO°. 

2. Total Phosphoric Acid. — As in the case of guano phosphates 
(p- 421). 

3. Phosphoric Acid soluble in Water . — As in superphosphates (p. 422). 

4. Free Phosphoric Acid. — Ten grams of the dried substance are 
shaken in the shaking machine for half an hour with 500 c.c. of absolute 
alcohol or ether, and the solution filtered immediately. Fifty c.c. 
of the filtrate (=1 g. substance) are transferred to an Erlenmeyer flask, 
the alcohol evaporated off, the acid residue taken up with about 50 c.c. 
of water, and the phosphoric acid precipitated by magnesia mixture, 
filtered, ignited, and weighed in the usual way. 

5. Sulphuric Acid and Sand '■ — Five grams of substance are placed 
in a 500 c.c. flask, treated with 15 c.c. of concentrated hydrochloric acid 
and about 400 c.c. of water, and warmed on the water-bath at about 50° 
for from four to six hours ; the solution is allowed to cool, diluted to 
the mark, and filtered. One hundred c.c. of the filtrate are usedt to 
estimate the sulphuric acid by precipitation with barium chloride. The 
undissolved residue is thoroughly washed vyith boiling water, the filter 
dried and incinerated, aqd the residue, after deducting the filter ash, 
reckoned as sand 

10. GYPSUM 

1. Moisture. — Five grams of the finely powdered substance are 
gently ignited over a small flame in a porcelain or platinum crucible for 
a quarter of an hour ; the percentage of water is calculated from the 
loss in weight. 

2. Sulphuric Acid and Sand. — As in phosphatic gypsum. 

3. Lime , Magnesia , etc. — One hundred c.c. of the solution prepared 
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carefully added till just alkaline to litmus paper, the solution boiled to 
remove the ammonia, 1 and filtered. The slight residue is thoroughly 
washed on the filter with boiling water, dried, incinerated, ignited, 
and weighed; this, after deducting the filter ash, is calculated as 
Fe 2 0 3 +Al 2 0 3 . 

The filtrate, freed from iron, is heated to boiling, excess of 
ammonium oxalate, and then a little ammonia, added, and the beaker 
allowed to stand for twelve hours in a warm place. The clear super- 
natant liquid is carefully poured through a filter, the precipitate washed 
several times with hot water by decantation, transferred to the filter, 
dried, and ignited, finally for ten minutes on the blowpipe or in a 
Rossler furnace, and weighed as calcium oxide. 2 

To estimate the magnesia, the filtrate from the calcium oxalate 
precipitate is evaporated to about ioo c.c., excess of ammonia and 
sodium phosphate solution added, allowed to stand for twelve hours, 
and the precipitate of magnesium ammonium phosphate treated as in 
the estimation of phosphoric acid 3 (p. 391). 

The amount of magnesia in the precipitate is obtained by multiply- 
ing the weight foifhd by the factor 0-3623, from which the percentage 
of magnesia can be calculated. 


11. NITRATES 

A. Sodium Nitrate 4 (Chili Saltpetre) 

1. Moisture . — Five grams of the sample are finely powdered and 
carefully heated over a small flame in a platinum crucible till the nitrate 
just fuses, and weighed, after cooling in the desiccator. The heating is 
repeated at the same temperature till no fu#her loss takes place. 

2. Nitrogen, — The nitrogen in sodium nitrate is determined by the 
zinc-iron method (p. 383) or by a similar direct method. The indirect 
method (by difference) is not admissible. 5 

3. Sand. — Ten grams of the finely powdered substance are dissolved 
in hot water, the solution filtered into a 500 c.c. flask, the filter 
washed with hot water, incinerated, and the residue weighed as sand. 
This residue may include matter other than sand. 

4. Chlorine , Sulphuric Acid) Lime , Magnesia , Sodium , and Potassium . 
— The filtered solution obtained under (3) is cooled, diluted to 500 c.c., 
and well mixed. Fifty c.c. serve for the estimation of the chlorine, 
either by titration or by precipitation with silver nitrate, and a further 
50 c.c. are precipitated hot with barium chloride to estimate the 
sulphuric acid. The calcium is precipitated In the usual way by 

1 Cf. Vol. I., pp. 273 and 610. 2 Cf. Vol. I., p. 405. 3 Cf. also Vol. L, p. 406, 

4 Cf, Vol. I., p. 306. 6 Cf. Landw . Versuchs-Siat ., 1893, 42, 130, 134. 
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ammonium oxalate, and the magnesium by sodium phosphate. The 
sodium is either estimated by difference, or it may be determined as 
follows : — Fifty c.c. of the above solution are just acidified with sulphuric 
acid, evaporated to dryness, and the residue ignited till its* weight is 
constant. The weight of calcium and magnesium sulphates are 
subtracted, • and the remainder, representing sodium sulphate, 
multiplied by the factor 0-4364, gives the amount of sodium as oxide 
(Na 2 0 ). If potash be present, it is estimated in the usual way and 
subtracted. 

5. Perchlorate } — Deleterious effects on crops have frequently been 
observed after dressing with sodium nitrate, the cause of which was 
attributed by B. Sjollema 2 to sodium perchlorate. Recent observa- 
tions on the marked sensitiveness of rye to perchlorate have proved 
that 1 per cent, of perchlorate in Chili saltpetre, an amount harmless 
to other field produce, must be considered dangerous as regards rye, 
under certain circumstances, a still smaller percentage (eg, 0-5 per cent.) 
of perchlorate may do damage to rye. 
f For the estimation of perchlorate, Loges 3 recommends the ignition 
of the nitrate with a little alkali hydroxide or carbofrate ; this gives the 
total chlorine originally combined as chloride, chlorate, and perchlorate. 
The chlorine originally present as chloride is then estimated in the 
aqueous solution of the nitrate, and the percentage of chlorate plus 
perchlorate calculated by difference. 

If chlorate is to be estimated separately, 5 g. of the nitrate are 
gently boiled for half an hour with 10 g. of washed, chlorine-free, zinc 
dust, and 150 c.c. of 1 per cent, acetic acid solution. The chlorine 
originally combined as chloride plus chlorate is thus obtained in the 
filtrate as chloride and estimated. 

Forster 4 mixes 10 g. of the nitrate with 10 g. of chlorine-free 
anhydrous sodium carbonate, and ignites the mixture till the melt is 
quite liquid and no longer swells up, an operation which occupies at 
most ten minutes. The melt is dissolved in an excess of nitric acid, 
and the total chlorine estimated either gravimetrically or volu metrically 
by Volhard’s method 5 (titration with potassium thiocyanate). 

Blattner and Brasseu # r° recommend the following method : — Five or 
ten grams of the dry, finely powdered nitrate are mixed with 8 or 
IS g. of pure quicklime, slaked lime, or calcium carbonate, and the 
mixture heated in a large platinum or porcelain crucible by a Bunsen 
flame for about fifteen minutes. When cold, the mass is dissolved in 
dilute nitric acid, and the total chlorine determined by one of the usual 
methods. The best results are obtained when slaked lime is used. 

4 Ch & m . Zeit. y 1898, 22, 357. 

5 Cf. Vol. I., p. 123. 

® Chfim- y.riL. r£nS 00. c&n. 


1 Cf. Vol. I., p. 319, and this Vol., p. 484. 

2 Chem, Zeii ti 1896, 19, 1002. 

3 Land<w. VersurAs-Stat. t£oR £n 20. 
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C. Gilbert 1 has proposed various # other methods (ignition with pyro- 
lusite, etc.) ; a further method has also been described by Selkmann. 2 

Sjollema 3 gives the following as a qualitative test for perchlorate: — 

One hundred grams of the nitrate are dissolved in 500 c.c. of water, 
and an aliquot portion of the solution treated with an excess of moist 
silver oxide and filtered. A portion of the filtrate is then evaporated 
to dryness and ignited, the residue taken up with hot water, acidified 
with nitric acid, and tested for chloride with silver nitrate solution. 

Fresenius and Bayerlein 4 recommend M. von Breukeleveen’s method, - 
conducted as follows, as a qualitative test : — About 10 to 20 g. of a good 
average sample of the nitrate are dissolved in an equal quantity of 
^water with the aid of heat, and the solution filtered hot. Four to six 
drops of the clear filtrate are placed on an object-glass and a few tiny 
crystals of rubidium chloride added, which dissolve rapidly. The liquid 
is then coloured a distinct wine-red by mixing with it a little potassium 
permanganate solution. The object-glass is then placed over a small 
flame so that the liquid begins to evaporate, and this evaporation is 
continued until the crystalline crusts which form at the edge are about 
4 mm. wide ; on refnoving the object-glass from the flame, tiny isolated 
crystals form in the still liquid portion of the preparation. At this 
point the heating is interrupted, the glass placed under the microscope, 
and the growth of the crystals in the interior of the preparation watched. 
Well-developed, colourless crystals of rubidium nitrate will form, accom- 
panied, if perchlorate be present, by individual crystals of rubidium 
perchlorate ; the latter are coloured intense red-violet and appear in the 
form of obliquely truncated, prismatic needles, frequently forming stellate 
groups. 

B. Potassium Nitrate 6 (Saltpetre) 

1. Moisture , Nitrogen , Chlorine , Sulphuric Acid> Lime , Magnesia , and 
Sand are all estimated as in the case of sodium nitrate. 

2. Potassium. — Ten grams of the finely powdered substance are dis- 
solved in 500 c.c. of water, 50 c.c. of the solution repeatedly evaporated 
to dryness with hydrochloric acid in order to convert the nitrate into 
chloride, thg residue then taken up with water, the sulphuric acid 
precipitated by barium chloride, the filtrate treated with ammonia and 
ammonium carbonate, etc., and the potassium estimated, after ignition, 
in the usual way, as potassium platinichloride {cf. p. 410). 

C. Calcium Nitrate 

The nitrogen is estimated as in sodium nitrate. 

1 Metkoden sur Besiimmung des Per chlorals im Chili-salpeier , Tubingen, 1899. 

2 Z. angew . Chem ., 1898,11,101. 4 Z. anal. Chem., 1898, 37, 501. 

3 Chem. Zeit . , 1897, 21, 44, 5 Cf. Vol. I., p. 538, and this Vol.„p. 481. 
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12. SULPHATE OF AMMONIA 1 

1. Moisture . — Five grams of the finely powdered substance are dried 
in the oven at no 0 till the weight is constant. 

2. Nitrogen . — Ten or twenty grams of substance are dissolved in 500 
* or 1000 c.c. of water, 25 c.c. of the solution ( = 0*5 g. substance) are 

transferred to the distillation flask of a Kjeldahl apparatus, 3 g. of 
burnt magnesia (free from carbon dioxide) and 150 c.c. of water added, 
and the ammonia distilled off, and collected in sulphuric acid in the 
usual way. 

3. Tests for purity . — Ammonium sulphate must be tested for thio- 
cyanates by adding hydrochloric acid and ferric chloride ; the presence^ 
of ammonium thiocyanate gives rise to a blood-red coloration. 

Cyanogen compounds are detected by adding sodium or potassium 
hydroxide, then ferrous sulphate and ferric chloride, and acidifying with 
hydrochloric acid ; a blue coloration indicates cyanide. 

13. CALCIUM CYANAMIDE (NITROLIM) 

One gram of the sample is taken for the estimation of nitrogen, 
either by Kjeldahl's or by Gunning's method ; two hours' heating with 
phosphor-sulphuric acid suffices for the decomposition, even if the 
residual solution remains black and is not clear. 

14. POTASSIUM SALTS 

1. Moisture . — Five grams of the finely powdered substance are care- 
fully heated over a small flame for a short time in a covered platinum 
crucible, and then gently ignited for about ten minutes, until no further 
diminution in weight takes place. 

2. Potassium . — To estirhate the soluble potassium salts, the substance 

is passed through a 1 mm. sieve, and 10 g. of the prepared sample boiled 
for a quarter of an hour with 400 c.c. of water ; when cold, the solution 
is diluted to 500 c.c., and an aliquot part (100 c.c.) precipitated hot by 
barium chloride to separate the sulphuric acid ; the filtrate is then 
treated with ammonia and ammonium carbonate, etc., as described on 
p. 410, 2 or by the perchlorate method. n 

Kainite and potassium chloride contain only a little sulphate, 
together with the chloride ; in these the potassium may be estimated 
by the shortened method (p. 41 1), 

3. Lime and Magnesia . — Ten grams of substance are dissolved in 
dilute hydrochloric acid in a %oo c.c. flask, the solution diluted to the 
mark, and 100 c.c. treated with ammonia till strongly alkaline ; the 
solution is heated, and an excess of ammonium oxalate added to 

1 Cf. also the section on “ Coal-Gas and Ammonia/’ this Vol., p. 746. 

\Cf also Vol. I., p. 408. 
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precipitate the calcium. The precipitate Is filtered, after standing for 
twelve hours, ignited, finally on the blowpipe, and weighed as 
calcium oxide. 

Sodiufri phosphate and ammonia are added to the filtrate to 
precipitate the magnesia ; the solution is left to stand for twelve hours, 
filtered, and the precipitate ignited and weighed as magnesium pyro- r 
phosphate. 

4. Chlorine , Sulphuric Acid y and Sand are determined in the usual 
way {cf. p. 434). 


15. MIXED MANURES 

(. Ammonium superphosphates , Potassium superphosphates , Potassium- 
ammonium superphosphates , Nitrate superphosphates .) 

1. Moisture. — Ten grams of substance are dried for three hours in 
the oven at ioo°, and the percentage of moisture calculated from the loss 
in weight. 

2. Phosphoric Acid, \ — This falls under the three heads : — Phosphoric 
acid soluble in water, reverted or citrate-soluble phosphate, and total 
phosphate ; each is # estimated as in pure superphosphates (p. 422). 

3. Nitrogen. — (a) The Nitrogen present exclusively in the form of 
Ammonia, . — The estimation of ammoniacal nitrogen in ammonium 
superphosphates or other mixed manures, in which nitrogen is 
guaranteed in that form, is effected by distilling an aliquot portion of 
the solution, corresponding to 1 g. substance, with magnesia (cf p. 380). 
The solution is prepared by shaking 20 g. of substance in 1 litre of 
water, as in the case of superphosphates (p. 422). The nitrogen thus 
determined is termed “ ammoniacal nitrogen.” 

(b) The Nitrogen present as Nitric Acid . — This is estimated by the 
Schlosing-Grandeau- Wagner method (p. 381*), or by one of the reduction 
methods (p. 382 et seq. ). 

(c) The Nitrogen combined both as Ammonia and as Nitrate. — If the 
two forms of nitrogen are not to be estimated separately, one of the 
reduction methods is used. The nitrate is first reduced, and the 
ammonia distilled off in the*usual way; this gives the ammoniacal plus 
nitrate nitrogen. If the ammoniacal nitrogen is then estimated by 
distillation with ignited magnesia, the difference will give the percent- 
age of nitrate nitrogen. 

( d) The Nitrogen combined as Ammonia , , as Nitrate , , and as Organic 
Nitrogen. — The total nitrogen is estimated by Jodlbaur’s or by Forster’s 
method (pp. 378 and 379). If it be desired to separately determine the 
three forms of nitrogen, that combined as ammonia and as nitrate must 
be estimated by the method given above; the amount of organic 
nitrogen is given by the difference total nitrogen minus (ammoniacal 
plus nitrate nitrogen). 
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4* Potassium . — To estimate the soluble potassium salts, 10 g. of the 
finely powdered substance are boiled for a quarter of an hour with 
400 c.c. of water ; when cold, the solution is made up to 500 c.c. and 
filtered. One hundred c.c. of the filtrate are precipitated diof with 
barium chloride to remove the sulphuric acid, the filtrate treated 
with ammonia and ammonium carbonate, and the analysis completed 
in the usual way (cf p. 410). 


16. LIME MANURES 

The following substances are included under this heading : — 

A. — I. Burnt Lime, either in pieces or ground. 

2. Burnt slaked Lime. 

3. Burnt or burnt and slaked grey Lime (burnt lime rich in 

magnesia). 

B. — 4. Lime-Marl and Alumina-Marl. 

5. Dolomitic Marl. 

C. — 6. Mixtures of A. and B. in varying proportions. 

7. Residual Lime, by-products of chemical manufacture. 

The important constituents to be estimated in lime manures are the 
lime and magnesia, which are present in a basic form, ?>., as oxide, 
hydroxide, or carbonate, not that combined with other acids, such as 
calcium sulphate and silicate or magnesium silicate. 

Sampling . — In the case of burnt lime, a large number of pieces are 
selected from the heap, broken into pieces of the size of a hazel nut, and 
a representative sample of 500 g. selected and placed in a dry, well- 
stoppered bottle. Ground manures are sampled as In the case of other 
manures ; since lime manures contain free lime and accordingly tend 
to absorb moisture and carbon dioxide during transit, the samples for 
analysis should be taken after the removal of the upper layer of the 
consignment, or, if packed in sacks, from the middle of the sack. In all 
cases the samples should be packed in air-tight bottles, not in boxes. 

The sample thus obtained is carefully powdered for analysis so as to 
pass through a 1 mm. sieve and a portion x>f the sieved material then 
passed through the sieve* used for basic slag (p. 427). u 

Method of Analysis . — The estimation of the basic constituents in 
lime manures of classes (A. 1) and (A. 2) of known origin, and which 
contain not more than 5 per cent of magnesia, is carried out as 
follows: — 0*25 g. of the sample is shaken up with 200 c.c. of 
warm water, treated with 20 tg 25 c.c. of standardised sulphuric acid ot 
about N/s concentration, the evolved carbon dioxide removed by boiling, 
and the excess of acid titrated back with sodium or barium hydroxide, 
using phenolphthalein as indicator. The result is calculated as calcium 
oxide, without regard to the magnesia present. 
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In the case of grey limes (A. 3^), an estimation of magnesia is also 
made, and the result used for *the calculation of the content of basic 
lime. 

Moisture is estimated in the case of lime manures containing free 
lime or calcium hydroxide, by igniting I to 2 g, of the sample in a tube, 
and absorbing the water given off in a weighed calcium chloride tube. 1 * 
Carbon dioxide is estimated either by loss or volumetrically. 

Lime- and alumina-marls (B. 4) of known origin, and which do not 
contain more than 5 per cent of magnesia, are valued by estimating the 
carbon dioxide and calculating it to calcium carbonate, or the above 
method of analysis can be applied. In the case of dolomitic marls, 
the magnesia is also determined and calculated to carbonate. 

Mixtures of lime manures (C. 6) are tested as above for basic 
constituents, moisture, and carbon dioxide ; if they contain much 
magnesia, this constituent is estimated separately. 

Residual lime must be tested for constituents injurious to plants. 

The following method for the estimation of the basic constituents 
has been proposed by O. Forster. 2 Hydrochloric acid is used in place 
of sulphuric add, fcs the results with the latter reagent are not quite 
reliable. The method is also applicable to the analysis of soils. The 
sample is prepared by the method generally adopted for manures, and 
4 to 5 g, in the case of burnt lime, and 8 to 10 g. in the case of 
carbonates, are taken for the analysis. This is weighed into a 400 or 500 
c.c. graduated flask, treated with 200 or 250 c.c. of Nji hydrochloric 
acid, and the whole shaken repeatedly in the cold for several hours ; or, 
the mixture is warmed for half an hour on the water-bath. The 
solution is then made up to the mark, so that the contained acid becomes 
diluted to half-normal strength. The solution is filtered, and 100 c.c. 
of the filtrate transferred to a 200 c.c. graduated flask, titrated with N/2 
sodium hydroxide, using phenolphthalein as indicator till the colour- 
change takes place, 1 to 2 cc. of N /2 hydrochloric acid added, heated 
to boiling for a few minutes until the carbon dioxide is completely 
removed, and the excess of acid titrated back with the alkali. This 
titration can be satisfactorily effected if the samples are very pure and 
there is only a slight 'separation, if any, of sesquioxides, but as a rule 
it is advisable to dilute the solution with water, free from carbon 
dioxide, to 200 c.c., filter, and to take 100 c.c. of the filtrate for the 
final titration. 

The incomplete neutralisation of the hydrochloric acid solution 
previous to filtration is to be recommended, as the greater portion of 
the sesquioxides are thereby separated and can be removed by filtration, 

1 Cj C J. Konig, Untersuchung landwirtkschaftlkh u. gewerblich wichtiger Stojfe, 2nd edition, 

1898, p.107. . 

2 Lfindty. Versuchs-StaL , 1908, 69, 235 ; /. Chem. Soc.*Abstr. : 1908, 94, 1072. 
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so that they do not interfere with tjie recognition of the colour-change 
in the subsequent titration ; an excess of acid is, however, essential in 
order to avoid the precipitation of calcium hydroxide and its removal 
"by filtration. One hundred c.c. of the solution as prepared above 
corresponds to ioo c.c. of Nj 2 acid. Accordingly, for the calculation 
of the result, the total c.c. of Njz alkali used are subtracted from the 
ioo c.c. of Nj 2 acid, and the difference multiplied by 0-014. 

Example. — (i.) Lime . — Volume of solution taken 100 c.c. = 1 g. of 
substance = 100 c.c. Nj 2 acid. Volume of Nj 2 alkali used 33 c.c.; 
100 — 33 = 67 c.c. N /2 acid = o-93S g. CaO = 93*8 per cent. 

(ii.) Calcium carbonate . — Volume of solution taken 100 c.c. = 2g. of 
substance = 100 c.c. Nj 2 acid. Volume of Nj 2 alkali used 36- c.c. 
100 — 36 = 64 c.c. N/2 acid = o-89 6 g. CaO = 44-8 per cent. 

Forster is of the opinion that normal calcium silicates should be 
included amongst the basic-forming constituents of lime manures, 
although they are not so included by the regulations adopted by the 
Union of Agricultural Laboratories in Germany. 

17. SULPHUR 

The degree of fineness of sulphur is determined by means of 
Chancel’s sulphurimeter as described in Vol. I., pp. 2 65-6. 1 


III.— APPENDIX 

Directions for the Examination of Manufactured Products, 

AND OF THE RAW MATERIALS OF MANURE MANUFACTURE 
CONCERNED IN INTERNATIONAL TRADE 

{Agreed upon by the International Co?nmittee for the Analysis of Artificial 
Manures and Feeding Stuffs at the Fifth International Congress for Applied 
Chemistry , Berlin , 1903.) 

Sampling 

1. Irregular samples are to be returnee! by the analyst, or the fact 

is to be notified on the certificate of analysis. . ?+ 

2. Official samples must be taken during unloading "at the last 
railway station* or port, either in presence of witnesses belonging to 
both parties, or by a sworn expert, the following instructions being 
observed. 

3. In the case of manufactured products, a sample is to be taken 
from every tenth bag by means of a sampler ; in the case of cargo in 
bulk, from at least ten different places. 

1 Details of the regulations adopted by the Union of Agricultural Laboratories in Germany 
for the examination of Sulphur are described in the 3rd German edition, Vol. III., pp. 71 - 73 * 
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4. In the case of a cargo of raw material, every fiftieth bucket or 
barrowful unloaded (*.*., 2 per cent, of the material) is to be thrown on 
to *the sample heap ; when this has been through the first crushing and 
has been "reduced at least to the size of hazel nuts, a sample is taken for 
the estimation of moisture ; for the analysis, a sample is taken from the # 
completely crushed material, as in the case of manufactured products. 

5. The samples must be loosely put into strong, clean, perfectly 
dry, glass vessels ; each sample should weigh about 300 g. 

6. At least three samples are to be taken in each case and hermeti- 
cally sealed with the seals of the samplers. 

7. The label must be fastened on with the same seals and bear the 
signature of the sampler. 

8. The samples are to be stored in a cool, dark, dry place. 

9. Substances of uneven composition must be sufficiently powdered 
and mixed before filling the sample bottles. 

Preparation of the Samples 

1. Dry samples of phosphates or other artificial manures should be 
passed through a sieve and then mixed. 

2. The preparation of moist manures, which cannot be thus treated, 
must be confined to careful and thorough mixing by hand. 

3. As proof of the identity of raw phosphates and bone black, the 
percentage of moisture is determined. 

4. Where the percentage of moisture changes during pulverisation 

it must be determined in both the fine and the coarse material, and 
the result of the analysis must be recalculated on the basis of the 
moisture in the original, coarse material. * 

* 

Methods of Analysis 

1. Moisture. 

Ten grams of substance are used and dried at ioo ft till of constant 
weight ; if the substance Contain gypsum it must be dried for three 
hours. v 

In the case of potash salts the determinations of the Syndicate of 
Potash Works of Leopoldshall-Stassfurt are valid. 

2. Insoluble Matter. 

Ten grams of substance are used : — * 

(а) When dissolved in mineral acids the silica is rendered insoluble 
and the residue ignited. 

(б) When dissolved in* water the residue is dried at ioo° till of 

constant weight. * # 
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3. Phosphoric Acid. 

Preparation of Solutions. 

r. To estimate phosphoric acid soluble in water, 20 g . of substance 
• are shaken in a litre flask with about 800 c.c. of water for thirty minutes, 
and then filled to the mark. Solutions of so-called double super- 
phosphates must be boiled with nitric acid before precipitation of the 
phosphoric acid in order to convert any pyrophosphoric into ortho- 
phosphoric acid. Tn c.c. of concentrated nitric acid are used for 
every 25 c.c. of superphosphate solution. 

N.B . — If phosphoric acid soluble in citrate solution is to be deter- 
mined in the superphosphate, Petermann’s method must be applied. 

2. To estimate total P 2 0 5 , 5 g. of substance are boiled with aqua 
regia (see table, p. 444), or with 20 c.c. of nitric acid and 50 g. of 
concentrated sulphuric acid for thirty minutes, and diluted to 250 c.c. 

3. Basic slag : Phosphoric acid. 

If the basic slag appear to contain coarser portions, it is sifted 
through a 2 mm. sieve, and the agglomerated portions remaining on 
the sieve are distributed over it by slight pressure. The portion which 
passes through the sieve is used for the estimation of phosphoric acid, 
and the coarser portions are taken into account in calculating the result. 

(a) Phosphoric Acid soluble in Citric Acid. — Five grams of substance 
are weighed into a 500 c.c. flask containing 5 cc * °f alcohol (to 
prevent the substance sticking to the bottom), shaken with 2 per 
cent, of citric acid solution (of table, p. 444) at I7°*5 for half an hour 
in a rotation apparatus making thirty to forty revolutions per minute. 

(ff) Total Phosphoric Acid. — Ten grams of substance are placed in a 
500 c.c. flask, thoroughly moistened with about 5 c.c. of water, and 
then boiled for thirty minutes with 50 c.c. of concentrated sulphuric 
acid, the flask being frequently shaken round, and finally filled to the 
mark. 

If it be desired to estimate “Fine Meal,” a sieve of 0-17 mm. mesh- 
width is used. (No. 100, Amandus Kahl, Hamburg). 

* 

Analysis of Solutions \ 

1. Molybdate method, as given by Fresenius and P. Wagner. 

2. Citrate method. 

3. Free acid. 

(a) Total amount of free *fccids. The aqueous solution (No. 1) is 
titrated with sodium hydroxide, using methyl orange as indicator. 

(b) Free phosphoric acid is estimated gravimetrically in the alcoholic 
solution. 

The method employed must be stated. 
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4- Ferric Oxijle and Alumina. 

. These must be estimated by E. Glaser’s method, including the 

=:n m J de T by R - J ° neS '° r > where theestimaUouof alumh;: 
is concerned, by H. Lasne s method. 1 

The method used must be stated. 

5- Nitrogen. 

tT meth “ d = only are admissible. 

K j i^lbau“ t ‘ 0n " ° f E6ttCher ' D "“*. “ d 

05 ) The gas-analytical methods of Lunge and Schldsing-Grandeau 

disSl f” lm0m «; al Nitrogen. The estimation must be Conducted by 
distillation with magnesia; in the case of ammonium superphosphates 
the solution described under No. 3, 1 ( p . 443 ) must be used. ? 

by tie St&Sr ° f ni,rat “ aiS “ USt bC detCTmiMd 
4. Organic Nitrogen.-li nitrates and ammonium salts are absent 
soda limeiruSd* ^ ^ Varrentra PP’ s meth °d of ignition with 

6 . Potassium. 

acid^ a ?f tinm , ted Wi ? c hloro-platinic acid or with perchloric 

acid. 1 he method used must be stated. 

7 . Calcium and Magnesium. 

Jor lime and calcareous marl Tacke’s* volumetric method may be 
used rnust^be sTted.^™^' m<:th0dS be The 


Table for a Uniform Nomenclature of Chemical 
Reagents and Apparatus. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 


30 

11 

12 


Designation. 


Sulphuric acid 
Cone, sulphuric acid 
Nitric acid . 

Cont* nitric acid . 
Hydrochloric acid 
Cone, hydrochloric acid 
Ammonia . „ 

Cone, ammonia . 

Aqua regia , 

Citric acid , 

Rotation apparatus 
Shaking machine 


Spec. Grav. and Composition. 


1*40 

1*84 

1*20 

1*52 

1*12 

1*20 

0*96 

0*91 

1*12 

1*20 


" 50 Per cent. tljSO,. 

= 1 0Q> „ 1 4 


= *32 
100 

24 
39 
10 

25 
3 
1 


HNO., 

HCI. 

' NH, 

hydrochloric acid* 
nitric acid. 


20 g. pure crystallised acid per 1 litre, 
SO to 40 revolutions per 1 minute. 
150 revolutions per 1 minute. 


1 Bull. Soc . Chim., 1896 [4], 15, p p . 118-128, 146-157, 237-248 

* zZT v MKuhH-srn^d; cf. 4 x, :6s, 370. 

landw. Versuchs-Stat 3, p. 76, and 4, p. 8. * 3 37 
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FEEDING STUFFS 


By F. Barnstein, Ph.D., Mockern. English translation revised 
by Alfred Smetham. 

I. — Examination of Concentrated Food Stuffs 

• 

Sampling'. — Oilcake is sampled by taking several whole cakes 
from different parts of the bag ; these are broken up into pieces about 
the size of a walnut, thoroughly mixed, and a sample for analysis then 
taken. 

In the case of seeds, meal, pollard, bran, and such like, packed in 
sacks, sampling is best effected by laying the sack on its side and 
introducing the sampling auger into different layers of the contents. 
It is also permissible to empty a number of sacks and to mix their 
contents on a clean floor ; samples are then taken from different parts 
of the heap with a shovel or auger (cf. Vol. I., p. 13). 

In the case of a cargo of raw material, every fiftieth bucket or 
barrowful unloaded (z>., 2 per cent of the material) is thrown on to the 
sample heap, thoroughly crushed, and reduced at least to the size of 
hazel nuts, and a sample taken. 

From 100 to 200 g. of the average sample thus obtained are ground 
in a suitable mill till the meal will pass through!" a 1 mm. sieve. In the 
case of some feeding stuffs, particularly ] 5 alm-nut meal, further milling 
is desirable. 

The following estimations are of special importance in the chemical 
examination of feeding stuffs, viz. : — Water, fat, albuminoids, ash, crude 
fibre, and soluble carbohydrates. 

Moisture. — This is estimated with sufficient accuracy for commercial 
purposes as follows : — About 5 g. of the meafare heated for three hours 
in a water-jacketed drying-oven at 95° to ioo°, in small beakers about 
6 cm. high and 3 cm. in diameter ; the beakers are pla< 3 sd in a desiccator 
to cool, and the loss in weight determined. 

When this method is used the temperature must not be raised above 
95° to ioo°, nor must the drying be prolonged appreciably beyond three 
hours, especially when the dried substance is to be used for the estima- 
tion of fat ; failure to observe these precautions may entail oxidation 
of the fat (eg. y in the ca$e of poppy-seed cake or linseed cake) or its 
volatilisation (eg, grains' and Jinseed cake). 
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If a very accurate estimation of moisture be required, the feeding 
stuff is heated at ioo° to 102 0 in a curre’nt of dry hydrogen or coal gas 
until the loss of weight is constant. 

Fat. — The substance, previously dried as above, is placed in a paper 
cylinder (Schleicher and Schtill), the cylinder closed by a wad of fat- 
*free cotton wool, and placed in a Soxhlet extractor, provided with 
sufficient ether, and heated by a water-bath till the ether boils vigorously. 
The extraction takes, at the most, twelve hours. The ether is then 
distilled off, the residue dried in a water-jacketed drying-oven for one 
to two hours, and weighed when cold. If the determination of moisture 
is not required the air-dry substance may be weighed in a boat, trans- 
ferred immediately to the cylinder, and then dried for three hours. * 

According to the decisions of the International Congress for Applied 
Chemistry (Berlin 1903), only ether free from alcohol and water may be 
used for the extraction of fat. 

It is to be noted that the ethereal extract designated as “fat” may 
contain, besides neutral fats and fatty acids, other non-fatty substances 
such as colouring matter, wax-like compounds, organic acids, hydro- 
carbons, etc. n 

C. Beger 1 has shown that in the case of some feeding stuffs, such 
as gluten meal, malt culms, brewer's grains, poppy-seed cake, distillery 
meal, and meat meal, the fat cannot be completely extracted by direct 
extraction with ether. He therefore proposed to determine the fat in 
these feeding stuffs, particularly for scientific purposes, by Dormeyer’s 
method. This consists in allowing 3 to 5 g. of the substance to digest 
for twenty-four hours at 37 0 to 40° with 1 g. of pepsin (Merck), 480 c.c. 
of water, and 20 c.c. of 25 per cent hydrochloric acid ; the insoluble 
portion is filtered off, thoroughly washed, dried, and extracted with 
ether. The filtrate is repeatedly shaken up with ether, and the ether 
residue added to that extracted from the insoluble portion. The 
pepsin solution is then filtered with the help of a pump through a 
Buchner funnel provided with filter paper and fine asbestos. 

Loges 2 suggests, as a quick method giving approximate results, that 
5 g. finely pulverised and dried material be* shaken for half an hour 
with 100 c.c. of water-frcfe ether in a Wagner rotating apparatus ; 
the ether is evaporated off from 50 c.c. of the filtrate and the residue 
weighed. • 

In judging the freshness of oilcake and oilcake meal it is desirable 
to know the percentage of free fatty acids in the same. In most cases 
it is sufficient to dissolve the etljer extract, obtained in the determina- 
tion of fat, in ether, and to estimate the fatty acids in this solution by 
titration with JV/10 alcoholic sodium hydroxide, using phenolphthalein 
as indicator. The solution should be titrated until permanently red 

1 Chem t Zeii 1902 , 26 , 1 12 . 2 Landw. Versuchs-Stat ,, 1906 , 64 , 28 . 
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(i c.c. Nj 10 sodium hydroxide = 0*0284 g. oleic acid). Aqueous sodium 
hydroxide can also be used if the ether solution of the fat is mixed 
with an equal quantity of alcohol. 

Free fatty acids may partially volatilise during the drying of the 
feeding stuff and ethereal extract, or oxygen may be taken up and 
oxidation products of the fat may be formed. Hence, the undried* 
material must be used for more accurate determinations of the fatty 
acids. To this end, 10 g. of the substance are digested with 100 c.c. of 
ether for three hours, or, if a shaking machine be used, for a half to one 
hour ; 25 c.c. of the ethereal extract are then titrated as above. 

This last method for the estimation of fatty acids is particularly 
adapted to palm-nut and cocoa-nut cake or meal and to all feeding stuffs 
which have undergone lengthy storage, as it gives both the volatile and 
non-volatile free fatty acids. 

Total Albuminoids. — The percentage of nitrogen in the feeding 
stuff is determined by Kjeldahl’s or Gunning-Atterberg’s method, as 
described in the section “ Manures,” p. 375). In the case of oilcake- 
meals, 1 g. of substance is decomposed, in the case of bran, grains 
and distillery meat, about 1*5 g. For meat-meal, gluten-meal, and other 
feeding stuffs very rich in nitrogen, 2 to 3 g. of substance are 
decomposed by about 30 to 40 c.c. of sulphuric acid in presence of 
about 1 g. of mercury ; the product is diluted with water, allowed to 
cool, diluted to 500 c.c., and the nitrogen in 100 c.c. estimated. Some 
feeding stuffs, such as distillery refuse, grains, bran, etc., are apt to 
froth considerably when decomposed by sulphuric acid containing 
phosphoric acid. In such cases it is advisable to place a small quantity 
of paraffin wax, a pea-sized piece is ample, in the decomposition flask 
before starting to heat. 

The amount of nitrogen found is multiplied by 6*25 and the product 
is designated “ total albuminoids.” The use of the factor 6*25 is 
founded on the assumption that vegetable albumin contains 16 per 
cent of nitrogen. It has been found, however, that the percentage of 
nitrogen is higher than this (between 16-38 and 18*73 per cent), and 
accordingly various factofs have been proposed so that, the product 
should mo*e accurately express the percentage of albuminoids; none 
of these, however, have yet come into general use. 1 

The nitrogenous substances designated as “ total albuminoids” 
consist chiefly of albumin, amido-compounds, alkaloids, etc. In 
investigating feeding stuffs the estimation of true albuminoids, 
which is of special importance, is parried out according to the 
following directions of Stutzer : — One hundred c.c. of water are poured 
on to 1 to 2 g. of the sample in a beaker, the liquid heated to 

1 According to the Board of ^Agriculture and Fisheries Regulations, the factor 6-25 is 
imperative. 
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boiling, or, when the material contains starch-flour, heated in a boiling 
water-bath for ten minutes, then treated with 0*3 to 0-4 g. of cupric 
hydroxide, suspended in water, filtered when cold, and the residue on 
the filter thoroughly washed with water. This residue, together with 
the filter paper, is decomposed by Kjeldahl’s method by sulphuric acid 
"containing phosphoric acid in presence of about 1 g. of mercury, and 
the ammonia then distilled off. The small amount of nitrogen in 
the filter paper may generally be neglected. 1 

If the substance contain alkaloids, the following treatment must 
precede that with cupric hydroxide. It is digested for ten minutes on 
the water-bath with 100 c.c. of absolute alcohol just acidified by the 
addition of a few drops of concentrated acetic acid ; the undissolved 
substance is allowed to settle and the alcoholic liquid carefully poured 
off through a filter, allowing little or none of the sediment to pass 
on to the filter. One hundred c.c. of water are then poured on 
to the residue, and further treated as described above. When the 
feeding stuffs are rich in alkaline phosphates (eg y oil-cake meal, bran), 
I c.c. of alum solution (1 : 10) is added to the hot liquid before adding 
the cupric hydroxide. The potassium is thus com&ined as sulphate, 
and so rendered incapable of dissolving albumin and preventing its 
precipitation. 

To avoid the addition of alum solution and the tedious preparation 
of the cupric hydroxide mixture, Barnstein has worked out a method 
for the estimation of albuminoids based on that of O. Kellner. This 
method differs from that of Stutzer in that the cupric hydroxide is 
not added as such, but is precipitated in the liquid containing the 
albuminoids. To the solution, prepared by boiling or digesting the 
substance with hot water, 25 c.c. of copper sulphate solution are added, 
containing 60 g. of CuS 0 4 . 5 H 2 0 per litre. Then 25 c.c. of dilute 
sodium hydroxide solution (12*5:1000) are slowly added while the 
solution is stirred, the precipitate allowed to settle, and further treated 
as in Stutzer’s method. The concentrations of the copper sulphate and 
sodium hydroxide solutions are chosen so that the whole of the copper 
is not precipitated by the alkali, while the precipitate produced contains 
as much effective cupric hydroxide as is used in Stutzer’s method. 

One advantage of this method is that the precipitate generally 

1 The cupric hydroxide is prepared according to the following directions : — One hundred 
grams of copper sulphate are dissolved in 5 litres of water, 2*5 g. of glycerine, and then 
dilute sodium hydroxide added, till the solution is alkaline. The precipitate of cupric hydroxide 
is filtered off, then suspended again in water containing 5 g. of glycerine per litre, and 
completely freed from alkali by repealed washings by decantation and on the filter. The 
residue is finally rubbed up with water containing 10 per cent, of glycerine, and diluted with 
the same solution till the mixture can be sucked up into a pipette. The content of copper is 
then estimated by evaporating a measured volume of the solution to dryness and igniting the 
residue. It is best to dilute the solution so that 20 or 25^ c.c. contain 0*3 to 0*4 g. of cupric 
hydroxide. % 

II 2 F 
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settles more rapidly and completely than is the case in Stutter’s method. 
The results obtained by the two methods agree in the case of most 
feeding stuffs. Vegetable products, however, containing alkaloids or 
other nitrogenous compounds of basic character (amides, etc.), give 
a precipitate containing a little more nitrogen when treated by 
the latter method than when that of Stutter is used ; this difference* 
never exceeds 02 per cent of nitrogen. 1 

In the case of feeding stuffs containing starch flour the washing out 
of the cupric hydroxide precipitate is very tedious. Kellner has 
accordingly proposed the following method for the estimation of the non- 
albuminoid nitrogen : — Ten grams of the sample are treated with 250 c.c. 
of 40 per cent, alcohol slightly acidified with acetic acid, in a 500 c.c. 
flask, and digested for one hour in a boiling water-bath ; the flask is 
then filled up to the mark with 40 per cent alcohol, the contents shaken, 
filtered, 100 c.c. of the filtrate mixed with 25 c.c. of copper sulphate 
solution and 25 c.c. of sodium hydroxide solution of the concentration 
given above, the whole made up to 200 c.c., thoroughly mixed and 
filtered; 100 c.c. of the filtrate (= 1*0 g. substance) are then carefully 
evaporated with £ little sulphuric acid, with the addition of about 1 g. of 
mercury. The nitrogen is then estimated as usual and calculated to 
non-albuminoid nitrogen by multiplying by the factor 625. The result 
obtained, deducted from the “ Total albuminoids” found, gives the “True 
albuminoids ” present 

Digestible Albuminoids. — The method introduced by Stutzer and 
improved by Kiiln and Kellner, consists in digestion with acid gastric 
juice. 

The digestion liquid is prepared as follows : — The mucous membranes 
of ten pigs’ stomachs are cut with scissors into fine strips, 49 litres of 
water and 1 litre of 12 $ per cent, hydrochloric acid poured over them, 
and left to digest, with frequent shaking, for two to three days in a cool 
place. The liquid is then poured off through a small flannel bag, and 
finally filtered through a double folded filter. As a preservative, 0-5 
per cent, of chloroform is added to the digestion liquid, which is stored 
in closed vessels in a dark*place. 

Digestion is conducted by pouring 500 c.c. of the digestion-liquid 
on to 2 g. of the substance under examination, and warming to 3 f to 
38° on a water-bath or in an incubator. After about twelve hours, 10 c.c. 
of 12*5 per cent hydrochloric acid are added, and the same addition 
repeated after twenty-four and thirty-six hours, so that at the end of this 
time the liquid contains approximately a per cent, of hydrochloric add. 
After the lapse of a further twelve hours the digestion liquid is filtered 
from the undissolved substance, the latter washed with water, alcohol, 
and ether, and together wjth the filter paper, decomposed with 30 c.c. 

1 Cf. £andw % Versuchs-Stat,, 1900, 54, 327. 
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of sulphuric acid by Kjeldahl’s method ; the percentage of undigested 
nitrogen is thus estimated. A blank experiment should be made. 
As an alternative, half the hydrochloric acid to be used may be added 
at the beginning of digestion and the other half after ther lapse of 
twenty-four hours. The liquid must be frequently stirred during 
* digestion, and the vessel covered to prevent evaporation. 

K. Wedemeyer 1 has devised a method in which commercial pepsin 
is substituted for gastric juice. The pepsin must conform to the test 
prescribed by the German Pharmacopoeia III., viz., “An egg is placed 
for ten minutes in boiling water and then allowed to cool ; when cold, 
the white is rubbed through a sieve suitable for the preparation of a 
coarse powder. - Ten grams of the white of egg thus broken up* are 
mixed with ioo c.c. of warm water at 50° and ten drops of 25 per cent, 
hydrochloric acid; 01 g. of pepsin is then added. The mixture is kept 
for an hour at 45 0 with frequent shaking; at the end of this time the 
white of egg must have completely disappeared, with the exception of 
some slight whitish yellow membranes.” If the pepsin does not dissolve 
to a perfectly clear solution in 0*5 per cent, hydrochloric acid, the 
solution must be filtered. 

Wedemeyer gives the following directions for the digestion : — Two 
grams of the feeding stuff are placed in a beaker and treated with 
490 c.c. of a clear solution, containing 1 g. of pepsin and 10 c.c. of 
25 per cent, hydrochloric acid. The beaker is covered with a glass 
plate and digested at 37 0 to 40° for forty-eight hours, with frequent 
stirring. Ten c.c. of 25 per cent, hydrochloric acid are added 
after the lapse of twenty-four hours, thus bringing up the amount 
of acid to 1 per cent. When digestion is complete the undissolved 
substance is collected on a filter, and washed with warm water until 
the filtrate no longer contains chloride ; it is then washed with 
alcohol, and finally very thoroughly with ether. The nitrogen in the 
undissolved substance and filter is then estimated. A blank experiment 
should be made. 

Some foodstuffs, such as the husks of umbelliferous seeds (<?.£*., 
caraway, anise, coriander, fennel), must be 'digested for a longer time 
(eighty-four hours) with gastric juice or pepsin solution. 2 * 

Crude Fibre. — This is estimated by Weender’s method as described 
by ITenneberg £hd Stohmann. 

From 3 to 4 g. of substance (corresponding to about 3 g. of the 
dried substance) are boiled for half an hour with 50 c.c. of 5 per cent, 
sulphuric acid and 1 50 c.c. of water in a specially adapted porcelain 
dish which is provided with a mark indicating the level of 200 c.c. of 
liquid ; the water evaporated during the boiling is replaced. The 
solid matter is then allowed to settle, tLe, supernatant liquid poured 

• 0 

1 La?idw.yersuchs-Siat 1899, 52, 375. 2 Cf, Landw , Versuschs-Stat 1894, 44, 188. 
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into a beaker, and the residue boiled for a quarter of an hour with 
distilled water ; after settling, the liquid is poured into the same beaker, 
and the operation repeated. The liquid thus collected in the beaker 
is allowed to stand for a short time, so that any fibrous particles which 
have been carried off may settle ; the greater part of the liquid is then 
syphoned off without disturbing the sediment ; what remains, together ° 
with the contents of the porcelain dish, is poured through a filter. The 
residue is rapidly washed on the filter by pouring hot water on to it, 
and then washed back into the dish with 200 c.c. of 1*25 per cent 
potassium hydroxide ; it is then boiled again for half an hour, then 
twice with water for a quarter of an hour, finally collected on a weighed 
filter, very thoroughly washed successively with water, hot alcohol and 
ether, dried, and weighed immediately in a closed weighing-bottle. 

Experiments by Uhlitzsch have shown that before Weender’s 
method can be applied to the determination of crude fibre in the 
waste from umbelliferous seeds, it is absolutely necessary that the 
latter should be thoroughly freed from fat 

Another and much more expeditious method of determining crude 
fibre is that described by Gabriel, 1 in which the methods of Lange and 
of Honig are combined as follows : — Two grams of substance are 
heated in an Erlenmeyer flask to 180 0 with 60 c.c. of a glycerine 
solution of potassium hydroxide (33 g. potassium hydroxide dissolved 
in 1 litre of glycerine) ; the flask is allowed to cool to 140°, and its 
contents poured into a dish containing 200 c.c. of boiling water. After 
stirring round and allowing the residue to settle, the liquid is drawn 
off by a syphon ; a piece of linen must be stretched over the end of 
the latter. The precipitate is then twice boiled up with 200 c. c. of 
water, 5 c.c. of 25 per cent hydrochloric acid Toeing added the second 
time, collected on a weighed filter, thoroughly washed with water, 
alcohol and ether, dried, and weighed. 

Crude fibre prepared either by Weender’s or by Gabriel’s method, 
is not pure cellulose, but contains nitrogenous constituents and ash, 
and also a certain amount of pentosans, which, in a more accurate 
estimation, would have to 15e separately determined and subtracted. 

In the following method, due to Konig, 2 tfie crude fibre is obtained 
almost completely free from pentosans: — Three grams of air-dry 
substance (£*., containing 5 to 14 per cent, of water) ar£ placed in a dry 
porcelain dish of 500 c.c. capacity, and mixed with 200 ex. of glycerine, 
(sp. gr. 1-230) containing 20 g. of concentrated sulphuric acid per litre. 
The dish is placed in a digester and heated for exactly one hour at 
1 37 0 , then allowed to cool to between 8o° and ioo°, taken out, its contents 
diluted with 200 to 250 c.c. of boiling water, and filtered hot through an 
asbestos filter on the pump* The residue on the filter is washed with 

1 Z* physiology Chem^ 1S93, 16; 270. 3 Z Unters. Nahr. u. Genussm^j 898, 1, 3. 
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300 to 400 c.c, of hot water, and finally with alcohol and ether ; it is 
then transferred, together with the asbestos, to a platinum crucible, 
dried, and weighed. The crude fibre is then completely incinerated, 
and the crucible again weighed. The difference between* the two 
^weighings gives the amount of ash-free crude fibre. 

The arrangement illustrated in Fig. 68 allows of several determina- 
tions being conducted simultaneously. The stand fits a digester about 
25 cm. in height and 20 cm. interior diameter. If not prevented, the 
water condensing on the lid of the digester would drop into the upper 
dish and so vitiate the concentration of the glycerine ; to obviate this 
the dish is covered with a slightly curved lid. The use of a digester is 
preferred, as more uniform results are obtained. 

Rapid filtration is secured by the arrangement shown in Fig. 69, 



Fia. 68. Fia. 69. 


in which a porcelain plate with fairly wide perforations and of about 
6 S mm. diameter is placed in the funnel, covered with a circular piece 
of filter paper, and then with fine asbestos suspended in water ; the 
asbestos is evenly distributed with the help* of the pump in sufficient 
quantity to give a clear* filtrate ; a relatively thin layer *of asbestos 
suffices for this purpose. 

If a digester & not available, 3 g. of substance are placed in a .flask 
of about 600 c.c. capacity, and heated to boiling on a reflux condenser 
with about 200 c.c. of glycerine-sulphuric acid for exactly one hour. 
The flask must be shaken rou$d whenever the liquid threatens to froth. 
After boiling, the flask is allowed to cool to 8o° or ioo° and its contents 
treated as described above. 

Fig. 70 represents the apparatus used by JConig for four simultaneous 
determinations without the use of a digestef. The small glass tube 
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passing through the stopper of the flask is connected to the condenser 
by rubber tubing in such a way that the flask can be conveniently 
shaken round. 

Konig has, in addition, given details for the separation of pure 
cellulose from the residue obtained from the glycerine-sulphuric acid. 1 
This estimation is carried out as follows: — A second sample of 3 g. of* 
either air-dry substance or of products containing 5 to 14 per cent, of 
moisture is weighed out and treated as described above. The residue 
in the Gooch crucible is not dried, but is transferred to a beaker of 800 



c.c. capacity^ together with the asbestos filter, "after the ether has been 
allowed to evaporate spontaneously ; the beaker is covered with a glass 
plate, and 100 to 150 c.c. of chemically pure, 3 percent, by weight 
hydrogen peroxide added, together with 10 c.c. of 24 per cent, ammonia, 
and the whole allowed to stand for twelve hours. Then 10 c.c. of 30 per 
cent, by weight of hydrogen peroxide »are added, and this addition 
repeated, after the evolution of oxygen has ceased, until the crude fibre 
is quite white ; 5 c.c. of 24 per cent, ammonia are added with the third 
or fifth addition of the perqxide. The residue is then warmed in the 
1 Z ’ Unters , Nahr , u . Genussm f) 1 903, 6 , 76, r 
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water-bath for one to two hours, filtered through a second asbestos filter, 
and then treated as described above. ’ The weight of crude fibre, less 
that of the cellulose, gives the weight of lignin present 

Ash. — Five to ten grams of the feeding stuff are hea-ted in a 
platinum dish over a small flame until either completely burnt, or, as 
* in the case of substances containing easily fusible salts, completely 
charred. In the latter case the charcoal is protected from further 
combustion by a coating of salt ; it is, therefore, extracted with water, 
dried, and then completely burnt. The aqueous extract is washed 
back into the dish, evaporated on the water-bath, and the residue dried 
and weighed. 

Difficultly combustible feeding stuffs are generally more easily 
incinerated if the flame is removed after charring and the dish allowed 
to cool. The finely divided charcoal then absorbs oxygen, and burns 
more easily when heated again. The size of the flame is increased 
towards the end of the process, until the ash is white. 

Complete combustion is most easily attained by the use of a low 
temperature and free access to air. Too high a temperature should be 
avoided (Smetham). * 

The ash thus obtained (crude ash) contains the mineral ingredients 
.of the plant, some carbon, often sand, and, in the case of those feeding 
stuffs which contain an organic acid combined with a base, a certain 
amount of carbonic acid. 

The weight of pure ash, free from carbon, sand, and carbonic acid 
is obtained as follows : — The ash is washed with distilled water into a 
small Erlenmeyer flask, and the carbon dioxide first estimated as 
described on p. 420. The solution is then diluted with water, boiled 
for ten minutes witk hydrochloric acid, the residue collected on a 
weighed filter and washed with hot water till the filtrate no longer 
contains chloride, and the residue dried and weighed as carbon plus 
sand. Finally, the filter and contents are incinerated, and the weight of 
sand thus obtained. Crude ash — (carbon + sand + carbon dioxide) 
= pure ash. 

Hemp-seed waste, and the feeding stuffs prepared from barley, oats, 
and rice always contains certain amount of silica as apajrt from sand 
in the ash. Such substances should be evaporated to dryness with 
hydrochloric acid before weighing the silica. 

If it be required to determine the sand in these feeding stuffs the 
ash is boiled, as directed above, with hydrochloric acid, the insoluble 
residue washed and ignited, then boiled with concentrated sodium 
carbonate solution (100 parts of water to 25 parts of anhydrous sodium 
carbonate), the residue again filtered off, washed with hot water, ignited, 
and weighed as sand. 

MQre accurate results sre obtained tfy* the method proposed by 

* 
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F. Mach. ’ Ten grams of the sample are boiled for four minutes with 
200 c.c. of 5 per cent, sulphuric add, the solution diluted to about iooo c.c. 
in a beaker, and the bulk of the solution syphoned off, after allowing the 
insoluble.matter to settle. The residue is then washed into a porcelain 
dish with 200 c.c. of a 25 per cent, sodium carbonate solution, boiled for 
half an hour, the evaporated water being replaced during this boiling, * 
transferred to a beaker, diluted to a 1000 c.c., the liquid again syphoned 
off, and the residue filtered and washed. It is then further purified 
by boiling successively with hydrochloric acid and with water, filtered 
and washed, and the residual sand weighed. 

The following method of estimating sand was suggested by 
- Emmerling ; it is frequently applied in making a preliminary test for 
sand, but gives only approximately accurate results. A long glass 
funnel of the form shown in Fig. 71 is connected by means of rubber 
tubing to a calibrated measuring tube, and filled nearly up to the base 
of the conical part with a concentrated solution of zinc sulphate 
(1 kg. of the crystallised salt to 725 g. of water). Water is 
carefully poured into the conical part of the funnel, then 20 g. 
of the feeding stuff placed in the same part and stirred round 
as long as grains of sand are seen to sink down in the zinc 
sulphate solution ; finally, the zone of separation of the two- 
layers is stirred up. As soon as the sand has settled in the 
measuring tube its level is read off (one division equals 0-2 g. 
or 1 per cent, of sand). Oil cake should be softened before the 
test by boiling it with water, since the sand does not separate 
from it so easily. 

f so. 71. Loges uses chloroform in place of zinc sulphate for separat- 
ing the sand. * 

Total Constituents of Ash . — If it be required to estimate all the 
constituents of the ash of the plant, the hydrochloric acid extract of the 
crude ash is used for the estimation of the bases. The silica is first 
separated by twice evaporating to dryness, the residue then taken up 
with water containing hydrochloric acid and a few drops of nitric acid, 
and the solution diluted to'500 c.c. Two hundred c.c. of this solution 
are treated r with ammonia until it is only slightly acid, ammonium 
acetate solution then added, and warmed. The precipitated ferric 
phosphate is filtered off, ignited, and weighed ; half the weight of the 
precipitate is taken as ferric oxide. The filtrate is slightly warmed, 
acetic acid added, and the calcium precipitated by ammonium oxalate. 
The filtrate from the calcium oxalate is^ treated with a little sodium 
phosphate, evaporated to about 100 c.c., excess of ammonia added, the 
precipitate filtered off after standing for twelve hours, and weighed as 
magnesium pyrophosphate. 

For the estimation of-, the potassium, "sodium, and sulphuric acid, 
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100 c.c. of the hydrochloric acid solution of the ash are treated with a 
hot solution of barium chloride, to separate the sulphuric acid. 
Ammonia and ammonium carbonate are added to the filtrate from 
the barium sulphate, the precipitate filtered off, the filtrate evaporated 
to dryness in a platinum dish, the ammonium salts driven off at as low 
a temperature as possible, the residue taken up with water, a little 
oxalic acid added, the solution again evaporated, and the residue 
carefully and continuously ignited until the free oxalic acid is driven 
off and the oxalates are converted into carbonates. The residue from 
this ignition is extracted with water, the solution again evaporated 
with oxalic acid, the residue ignited, and finally taken up with water, 
and the solution evaporated with a little hydrochloric acid. '.The 
residue of sodium and potassium chlorides is weighed, dissolved in 
water, the solution filtered if necessary, the potassium precipitated by 
chloroplatinic acid and estimated as described in the section on 
“ Manures,” p. 410. 

To estimate the phosphoric acid, the solution of the ash is freed 
from silica, then repeatedly evaporated with nitric acid to remove 
chlorine, and the phosphoric acid estimated by the molybdate method 
iff- P- 389)- 

- For the determination of the chlorine, the ash is extracted with 
nitric acid, and the extract either precipitated with silver nitrate or 
titrated by Volhard’s method. 

To examine vegetable matter which has been damaged by waste 
water or by furnace smoke, for sulphuric acid, copper, lead, zinc, and 
arsenic, it is advisable to incinerate the material by adding it gradually 
to a fused mixture^of 6 g. of pure potassium hydroxide and 3 g. of 
potassium nitrate.. Tfie melt is dissolved in hydrochloric acid, the 
solution freed from silica, and examined for substances injurious to 
plants by the usual methods of analysis. 

Nitrogen-free Extractive Matters.— These are not, as a rule, 
estimated in feeding stuffs by direct analysis, but calculated by subtract- 
ing the sum of water, albuminoids, fat, ash, and crude fibre from 100; 
the difference is designated as “ Nitrogen-free Extractive Matters,” or 
more commonly as “ Carbohydrates, etc.” 

The most important of the substances included under this head are 
sugars, starch, 2 nd dextrin. The plant contains in addition, gum, 
mucilage, organic acids, pectin, bitter principles, colouring matter, etc., 
and also, as B. Tollens has pointed out, pentosans. 

Sugar, Starch, and Dextrin. — For the estimation of these substances, 
5 to 20 g. of the sample are extracted three times with cold water and 
three times with 200 c.c. of hot water ; substances containing starch are 
extracted six times with cold water only.. The extraction must be 
completed ,in the shortest possible time (in summer within twenty-four 
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hours), as a precaution against decomposition of the extract by the 
formation of mould, or by fermentation. 

The aqueous extract is filtered on the pump, and diluted to a definite 
volume (1000 to 1200 c.c.). To estimate dextrin, 200 to 500 c.c. are 
concentrated in a dish to about 20 c.c., and then gradually mixed with 
200 c.c. of alcohol (95 per cent, by volume), with continuous stirring ; 
the precipitate, which contains the dextrin, is allowed to settle, the 
alcoholic solution poured off through a filter, the residue in the dish 
thoroughly washed with 92 per cent, alcohol by repeatedly rubbing it 
up with a pestle, and the washings united to the first filtrate. The 
alcoholic solution is then evaporated to dryness, the residue dissolved 
in a.bout 10 c.c. of hot water, again precipitated by 100 c.c. of alcohol, 
and washed as described above ; the precipitates are similarly treated, 
after dissolving them in hot water and concentrating the solution to 
about 10 c.c. 

The alcoholic filtrates contain the sugars, which are estimated as 
detailed below. The precipitates are dissolved in 200 c.c. of hot 
water, and three portions of the solution are boiled on a reflux condenser 
with 20 c.c. of hydrochloric acid (sp. gr. 1-125) for one, two, and three 
hours respectively. Each is then quickly cooled, sodium hydroxide 
added till neutral or only slightly acid, the solution diluted till it contains* 
at most, 1 per cent, of dextrose, and 25 c.c. taken for its estimation by 
the Meissl-Allihn gravimetric method, which is described in the Section 
on “ Spirits,” Vol. III. The highest of the three results thus obtained is 
regarded as the correct one ; the amount of dextrin present is found by 
multiplying the amount of dextrose found by 0-90. 

For the determination of the sugar in the alcoholic extract (if 
dextrin is absent, the original aqueous extract is used), the alcohol is 
evaporated off, and the residue dissolved *in water ; the amount of the 
latter must be so regulated that the solution does not, if possible, 
contain less than 0-245 g., but on no account more than 1 per cent, of 
sugar ; the sugar is then estimated either volumetrically or gravimetric 
cally. The appropriate methods, as well as that for the estimation of 
starch, are described in detail in other Sections (“Beer,” “Spirits,” etc., 
Vol. III.). * * 

Pentosans. — As far as the analysis of feeding stuffs is concerned, 
these include all substances which give furfurol on ^distillation with 
hydrochloric acid. 

Appropriate methods of estimation have been described by B. 
Tollens. 1 Of these only the simplest, theuphloroglucinol method, will be 
described ; it is carried out as follows : — 

Two to five grams of the substance under examination are placed 
in a flask of about 300 c.c^capacity, and distilled with 1 00 c.c. of hydro- 

1 Landw „ Versuchs-Stat „ 1803, 42, SBi, 3 q8 l Z. Ver, Riilenzuckerind., i 8Q4~ 44, 4.6 a. 
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chloric acid (sp. gr. i-o6) over a bath of Rose’s metal (one part each of 
lead, tin, and bismuth). Thirty c.c. of liquid are distilled off, 
and then replaced in the distillation flask by 30 c.c. of the same 
acid ; 30 c.c. are again distilled off, and this operation is continued until 
the distillate amounts to nearly 400 c.c. Pure phloroglucinol, dissolved 
in a little hydrochloric acid (sp. gr. 1*06) is then added, to the extent 
of double the amount of furfurol expected, the solution diluted with the 
same acid to 400 c.c., stirred round, left to stand till the next day, 
filtered through a Gooch crucible fitted with asbestos, the precipitate 
washed with 150 c.c. of water at 15° to 20°, dried for four hours in a 
water-jacketed drying oven, and weighed. 

Tollens calculates the amount of furfurol from the weight of the 
precipitate as follows : if the amount of the latter is small, he divides 
by 1*82; if large, by 1-93. 

(Furfurol - 0*0104) x 1*88 ~ Pentosan (C 5 H 8 0 4 ). 

(Furfurol - 0*0104) x 2*13 = Pentose (C 5 H 10 O 5 ). 

E. Krober has subjected the above method to critical examination, 
and has worked out a table which enables the anlount of pentosans 
corresponding to the weight of phloroglucide found to be read off 
•directly. 1 

Mustard Oil. — Potassium myronate frequently occurs in rape-seed 
cake, especially in that prepared from Indian seed. This forms 
poisonous mustard oil when in contact with water, under the influence 
of the enzyme myrosin, which is contained in the seed. It is, therefore, 
sometimes necessary to examine rape-seed cake with respect to the 
amount of mustard oil which may be formed in it. According to 
Forster, this may be effected as follows : — 

Twenty-five grams of the cake meal are stirred up with 150 c.c. 
of water in a flask ; if necessary, white mustard must be added. The 
flask is closed by a ground stopper, into which two glass tubes are 
fused ; one conducts steam into the mixture, the other leads the 
vapours to a condenser, with which an air-tight joint is made. After 
standing for half an hour, steam is passed into the flask and the 
distillate collected in a receiver fitted with an air-tight connection to the 
condenser; in the receiver are placed 50 c.c. of alcoholic ammonia, with 
which the musfcird oil combines to form allylthiourea, which is diffi- 
cultly volatile. 

When about 200 c.c. of liquid have distilled over, the condenser 
water is turned off, and alcjhol vapour passed through the condenser 
tube until it is thoroughly washed. The contents of the receiver are 
well mixed, left to stand for twelve hours, transferred to a large beaker, 
and heated to boiling ; 08 g. of freshly precipitated mercuric oxide are 

1 J fur Landwirischaft , 1900, p*. 357. 
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then added and the liquid kept foiling for a few minutes longer, 
bumping being prevented by continual stirring. The mercuric oxide 
is prepared by adding an excess of potassium hydroxide to 25 c.c. of 
4 per cent, mercuric chloride solution, and heating to boiling ; the 
precipitate and liquid are used together. 

Twenty-five c.c. of 4 per cent, potassium cyanide solution are added 
before the liquid has completely cooled, to dissolve the excess of mercuric 
oxide and the dimercuric-ammonium hydroxide formed, and the liquid 
stirred round for a few minutes. The precipitated mercuric sulphide 
is collected on a weighed filter, washed with hot water, dried at ioo° to 
HO°, and weighed. The weight of mercuric sulphide, multiplied by 
0-4266, gives the amount of mustard oil formed. 

The presence of mustard oil may be confirmed by gradually heating 
the meal with water in a stoppered bottle, when a strong odour of 
mustard oil is developed. 

A. Schlicht has also worked out a method of estimating mustard 
oil. He states that the results given by Forster’s method are too low. 
The difference, however, is too slight to influence any conclusions to be 
drawn from the analysis of the material. 

Hydrocyanic Acid — Within recent years certain beans, such as 
Moon beans, Java beans, and Kratok beans, have come into the market," 
which evolve hydrocyanic acid in the intestinal canal, and consequently 
exert a poisonous action. Linseed also gives rise to the same acid. 

For the detection of hydrocyanic acid, Guignard 1 recommends the 
isopurpuric acid reaction, a red coloration formed on addition of alkali 
and picric acid. 2 This reagent is prepared in the form of a test paper 
by dipping filter paper into a r per cent, aqueous.solution of picric acid, 
and then, after drying, in a 10 per cent, solution of sodium carbonate. 
To carry out the test, a few grams of the powdered beans are placed in a 
flask in which a strip of the test paper is suspended, moistened with 
water, and the flask closed. With 2 g. of a substance containing 0-015 
g. of hydrocyanic acid per 100 g., the coloration is formed after standing 
fora few hours in the cold; the coloration remains for a considerable 
time if kept in the dark. 

The hydrocyanic acid produced from a considerable quantity of the 
ground beans can be estimated by distillation of the infusion with 
steam; the hydrocyanic acid in the distillate is tlien determined 
colorimetrically, either as Prussian blue or as thiocyanate. 

II.— Examination of Green Fodder, Hay, and Straw 

* It is best to sample these feeding stuffs during unloading. A hand- 
ful is taken from every second fork, the sample cut fine by a straw- 

1 Comptes rend , , 1906, 142, 545? 2 Cf. A. C. Chapman, Analyst \ 19ICJ, 35, 469. 
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cutter, very carefully mixed, then spread out, and a portion taken as 
the sample for analysis; care must* be* taken, especially in the case of 
hay, to include the finest portions lying at the bottom. 

The green fodder, hay, or straw must be dried before it is milled for 
analysis. This is done by heating a large weighed quantity (up to 
2000 g.) to about 8o° for some time, until the mass is uniformly dry ; if 
digestibility is to be determined, the temperature must not exceed 50°. 
The material is then left to lie in the air for several days, or, in the case 
of feeding stuffs .with coarse stalks, for several weeks ; the air-dry 
substance is weighed again, and kept in well-closed vessels ready to be 
broken up fine. 

The analysis of this dried material is conducted according to, the 
methods described above for Concentrated Food Stuffs (I.); the results 
obtained must of course be recalculated to the original condition of the 
sample. t 

III.— Examination of Potatoes, Turnips, and Turnip Leaves 

The sampling and the preparation for analysis of^both potatoes and 
of turnips is the same. A suitable quantity is washed free from sand 
and dirt, carefully dried with a cloth, and weighed. The roots are then 
cut up, the slices strung on to a string, and dried as described under II. 

Dried turnip leaves have recently been introduced as feeding stuffs. 
These contain varying amounts of oxalic acid, which is determined as 
follows (Grandeau) : — Ten grams of the sample are ground to a paste 
with dilute sulphuric acid (1 : 5), powdered pumice added so as to form 
a granulated product, and the whole extracted with ether in a suitable 
apparatus. The ether -extract, from which the oxalic acid may in part 
crystallise out, is shaken' witji water, so as to obtain an aqueous solution 
of the acid, this solution filtered, neutralised with ammonia, then 
acidified with acetic acid, and the oxalic acid precipitated by calcium 
acetate. 

The analytical methods used for the examination of these products 
are in part described under I., and in part in pther sections (cf. “ Starch/’ 
Vol III.). * 

■7 

IV.— Examination of Acid Fodders, Distillery Refuse, 

Grains, Etc. 

Part of the material is used in its original state, or after extrac- 
tion with water, for the estimation of free acid by titration. The rest 
is dried, milled, and examine*? in the usual way. 

In the case of distillery refuse, the weight of a litre is determined, 
and the results of analysis calculated in terms of litres or hectolitres 
and of kilograms. " 3 - 
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Kellner's researches have shcnvji that acid fodder loses an appreci- 
able amount of nitrogen if it is dried without special precautions; the 
cut mass should be moistened with hydrochloric add before drying. 


V.— Examination of Molasses Feeding Stuffs 


It is generally required to estimate the percentage cither of molasses 
or of absorbent Either Schmoger’s or Neubauer’s method may be 
used for the purpose ; the former is preferable when the percentage of 
fat is also required ; it is carried out as follows : — 1 

The feeding stuff is dried for about three hours at 8o°, and ground 
in a. suitable mill. Five grams are placed on a filter attached to the 
pump, or in a large Gooch crucible, and about ioo c.c. of cold water 
are allowed to trickle through the mass, whereby all soluble matter is 
thoroughly washed out ; the residue is dried in a water-jacketed drying 
oven, and weighed when cold. The amount of*the air-dry absorbent 
is calculated from the result, taking into account the solubility of the 
absorbent and the mean amount of moisture which it contains. The 
following table of the more common absorbents shows the amount 
of dry absorbent soluble in ioo c.c. of water : — 


Animal meal . 

. 14*5 

Malt culms 



36 *? 

Barley meal . 

. 83*2 

Meat meal (Liebig) 



2*3 

Blood meal 

. 9*5 

Millet meal 



5*2 

Brewers’ grains 

• 5*9 

Millet chaff . 



2-8 

Cocoanut cake 

• 27*3 

Oat shudes 



2*5 

Coffee husks . 

i-i 

Palmnut cake 



9.8 

Cotton seed husks . 

* I3*i 

Pea pods 



2*9 

Cotton seed meal . 

. 1 8*6 

Peat fibre 



0.5 

Distillery grains 

* 4*i 

Potato pulp . 



12*5 

Distillery refuse, dried . 

. 9-3 

Rice chaff 



2-2 

Gluten meal * 

- . 4*8 

Rice meal 



11*4 

Groundnut cake 

. 21*4 

Rye bran (fine) 



21.5 

Groundnut husks . 

. 7*2 

Rye straw (chaff) . 



4*8 

Hemp seed cake . 

. . 8.5 

Sunflower seed cake 



17.4 

Maize germ cake . 

. 7*2 

Turnip parings 



9*8 

Maize gluten waste 

• * - 1-4 

Wheat bran (fine) . 



17*5 

Maize, ground 

• 5*4 

Wheat braTxi (coarse) 



*5*3 


Neubauer’s method of determining the percentage of molasses in 
molasses feeding stuffs consists in estimating the moisture, and deter- 
mining the specific gravity of an aqueous extract ; the required figure 
- is then calculated from the following formula : — 2 


M.x = M 


w(s - i) — «T 
M(i-T)-$ ' 


M is the specific gravity of dry molasses, = 1-69 ; 


1 I.cmdatK XffiA'Sur.hsSiat. . 1002. C*7. 2*7. 


2 r,f. 7anr1nt\- V#vsiir.kx-.Rftit. T&aR £n A 9.1 
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T 1 , the weight of matter soluble in water, contained in i g. of the 
dry absorbent ; it is calculated, with certain assumptions, from the 
specific gravity of the solution. 

the weight of dry feeding stuff used for the experiment. # 

w > we ight of water contained in a certain molasses solution, 
the specific gravity at 15° of an aqueous extract prepared 
from the feeding stuff. 

x,the required volume of dry molasses in the feeding stuff, expressed 
in cubic centimetres ; IVLr is thus the required weight of molasses. 

M and T are mean values, deduced from a large number of deter- 
minations ; the quantities w, s , and a must be directly determined for 
each investigation. ^ 

The following example illustrates the application of the method to 
the determination of the percentage of molasses in a sample of sugar 
feed prepared from grains. 

Moisture is estimated by drying 3 g. at ioo° till of constant weight. 
Result: — 16-00 per cent, of water, corresponding to 84*00 per cent, of 
the dry feeding stuff (a). 

Ten grams of substance are placed in a tared flask of about 
200 c.c. capacity, 100 c.c. of water added, the whole weighed, the flask 
4vell corked, and allowed to stand for two hours at the ordinary 
temperature with frequent shaking. At the end of this time some of 
the liquid is filtered into a Reischauer pyknometer, the temperature 
adjusted to 15 0 , and the apparatus filled to the mark; the specific 
gravity of the filtrate is then determined by weighing. All the 
required data are thus known. 

It is assumed that : — 


M= 1*69, and T = 0-025 

Weight of flask + water + 10 g. substance . 
Tare of flask ..... 

Weight of water added .... 
Weight of water in the substance 
Total weight of water (w) . . 

Weight of dry feeding stuff used 
Specific gravity of the solution . 

Using these Values, the formula gives : — 

M*= 1-69 x ■ I ° 1 ' 62 ^ (I-OI9Q-0 T . 8-4X 0-025 
1-69(1 -0-025)— 1-0190 


• = 149790 g- 

• = 39763 g- 

. = 100-02 7 g. 
. = i-6oog. 

. = 101-627 g. 
. — 8-400 g. 

. = 1-0190 g. 


=4-626 


The sugar feed thus contains 46-26 per cent, of dry molasses. 


1 T is calculated from the formula (S - 1). The symbols W, A, S have the same 

meaning for the absorbent as the symbols w, a, s have for the feeding stuff, and are determined 
in the same w|y. 
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The dry substance in the feeding stuff amounts to 84-00 per cent. 

Amount of dry molasses fouild . , . 46-26 - 

Hence the amount of dry absorbent is . . 37-74 per cent 

* 

The average moisture in air-dry brewers’ grains amounts to 10 per 
cent. ; hence the sugar feed contains 37-74+4-19 = about 41-9 per cent. • 
brewers’ grains and 100-41-9 = 58-1 per cent, molasses. 

The mean values of T which have been found for the various 
absorbents, and the product, M(i — T), are given in the following table : — 


Absorbent. 

T. 

M ( i - T). 

Animal meal . 

0-004 

1*5818 

Barley meal ..... 

0*055 

1*5971 

Blood meal , . 

0*042 

1-6190 

Brewers’ grains ..... 

0*025 

1-6478 

Cocoanut meal ..... 

0*122 

1*4838 

Cotton-seed husks .... 

0*058 

1*5920 

Cotton-seed meal ..... 

0*082 

1-5514 

Distillery grains . 

0*018 

1*8596 

Dried distillery refuse .... 

0*028 

1*6427 

Gluten meat ..... 

0*021 

1.6545 

Groundnut husks ..... 

0*026 

1*6461 

Malt culms ..... 

0*153 

1*4314 

Maize germ cake meal .... 

0*027 

1*6444 

Maize gluten waste .... 

0*006 

1*6799 

Meat meal ..... 

0*010 

1*6731 

Millet chaff ..... 

0*022 

1*6528 

Millet meal ..... 

0*031 

1*6376 

Oat shudes ..... 

0*011 

1*6714 

Palmnut meal . . . e 

0*039 

1*6241 

Pea pods ...... 

0*013 

1*6080 

Peat fibre ..... 

0*007 

1S7S2 

Potato pulp ..... 

0*055 

1*5871 

Sunflower seed cake meal 

0*058 

1*5920 

Turnip parings ..... 

**0*046 : 

1*6123 


As mentioned above, when Schmoger’s method is used to estimate 
molasses the residue obtained from 5 g. of dried ground substance is 
further used to estimate the fat. Peculiar difficulties are met with in 
washing feeding stuffs which contain linseed meal as absorbent. In 
such cases the fat is estimated by the following method, described by 
Hissink : — 1 

Five grams of the dried and ground feeding stuff, >5 c.c. of concen- 
trated hydrochloric acid, and 75 c.c. of water are gently boiled over an 
asbestos board for two hours on a reflux condenser ; the liquid is then 
allowed to cool, filtered through a previously moistened filter (deprived 
of fat), the residue washed till free from'acid, and dried for four hours 
in a water-jacketed drying oven at 8o° to 85°. The contents of the 

filter are crushed, placed in a suitable paper cylinder, which is then 

* 

1 Laitdw . Vtrsuchs-Stal^ 1 904, 60, 1 25. 
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further dried for two hours at nearly ioo°, and finally extracted wit! 
ether for seven hours in the Soxhlet Extractor. 

The following method for the estimation of the nitrogen not 
combmed as albumin, in molasses (it is also applicable to all othei 

^ V ^ Ue t0 ^ e ^ ner 1 : — Ten grams of molasses are 

'distributed in about 300 c.c. of water, the solution made slightly acid by 

very dilute sulphuric acid, treated with 20 c.c. of 10 per cent, tannin 
solution, shaken, diluted with water to 500 c.c, allowed to stand for 
about twelve hours, and then filtered through an air-dry filter into a 
dry flask ; 200 c.c. of the filtrate are used for the estimation of nitrogen 
(by Kjeldahl s method). The nitrogen in tannin must be subtracted 
trom the amount of nitrogen found. 

Total sugar is estimated as follows : — Twenty-five grams’ of 
molasses feeding stuff are placed in a litre flask and covered with 
water ; the liquid is frequently shaken round and diluted to 1000 c c 
after the lapse of one; hour. One hundred c.c. of this solution are 
treated with 30 c.c. of IV/ 10 hydrochloric acid in a 250 c.c. flask, the 
lquid heated for half an hour on a boiling water-bath, and then allowed 
o cool ; just sufficient dilute sodium or potassium hydroxide is added 
to neutralise the acid, the flask filled to the mark, and the invert sugar 
1^1 50 c.c. of this solution estimated by Meissl-Allihn’s method: the 
method is described in detail in the Section on “ Spirits,” Vol. III. 

-The amount of invert sugar obtained is calculated to cane-sugar. 
It is customary, however, to make a direct determination before 
inversion and a second after inversion, the difference between the 
two tests being calculated as cane-sugar. The invert and cane-sugar 
are returned as “ sweetening matters ” (Smetham). 

The percentage of 'molasses in the feeding stuff can be calculated 
from the amount of sugar -found, on the assumption that molasses 
contains 48 per cent, of sugar. 

The dried and ground substance is used for the estimation of total 
a buminoids, crude fibre, and ash ; the methods are described above 
(I., pp. 448 et seq.). 


VI. — Examination of Precipitated Phosphates for 
' # - Feeding Purposes 

As a rule, the analysis of precipitated phosphates extends only to 
the quantitative estimation of the total and citrate-soluble phosphoric 
acid, and to the qualitative ^cognition of, or in some cases the accurate 
estimation of, arsenious acid, chlorine, sulphurous acid, carbon dioxide 
and fluorine. The methods of estimating the phosphoric acid are 
described in detail in the section on “Manures,” pp. 389 and 400. 

1 Landw . Versuchs - Stat ^ 1900, 53, <115. 

2 G 
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Gutzeit recommends the following method for the detection of 
arsenic in precipitated phosphate: — One to two grams of substance 
and about x g. of chemically pure zinc (free from sulphur and arsenic) 
are placed in a test tube and covered with dilute hydrochloric acid, free 
from arsenic ; the tube is closed by a plug of wadding and the mouth 
covered by a piece of filter paper soaked in cold, saturated silver . 
nitrate solution. The appearance, after a short time, of a light yellow 
stain on the filter paper shows that arsenic is present in appreciable 
quantity {cf. Vol. I., p. 374). 

The following method for the quantitative estimation of arsenic is 
due to Fresenius: — Ten grams of substance and 100 c.c. of 
concentrated hydrochloric acid (sp. gr. 1-19) are placed in a 500 c.c. 



Fig. 72. 


retort with a tubulus (Fig. 72), the acid and substance mixed by 

S™; 5 , C ' C r J ’ S ^ Urated ferric chloride solution added, and 
the contents of the retort; distilled till only a small residue remains • 

20 c.c. of water are placed in the receiver r before distillation. The 
receiver is connected air-tight to the condenser and to a Peligot tube 

destination & Th “ Sh ° Wn ’ &nd mUSt be wel1 <*> oled dudng the 

distillation. The united contents of the Peligot tube and receiver are 

then saturated with sulphuretted hydrogen, at first warm, and finally 

cold, the precipitate filtered after standing for twelve hours and washed 

successively with sulphuretted hydrogen, w^ter, alcohol, carbon bisulphide 

sulphide (As 2 S 8 ). As a check, the sulphide is redissolved in ammonia 
and ammonium carbonatg, the solution acidified with hydrochloric acid, 
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saturated with sulphuretted hydrogen, and the arsenious sulphide 
again weighed. ° 2 

Details for the estimation of arsenic are given in Vol. I., pp. 362 
et seq. As a rule, only small quantities of arsenic are present, and 
these can be conveniently determined by the Marsh-Berzelius method, 
as in the estimation of arsenic in brewing materials. 

Sulphurous acid is identified by reduction with zinc in hydro- 
chloric acid solution. To estimate it, it is distilled off by heating 
the phosphate with phosphoric acid solution, collected in a receiver 
containing iodine solution, and precipitated and weighed as barium 
sulphate. 

Carbon dioxide, chlorine, and fluorine are detected and determined 
by the usual methods of analysis ; fluorine rarely occurs in precipitated 
phosphate. 


APPENDIX I. 

DIRECTIONS FOR THE EXAMINATION OF FEEDING STUFFS 
OCCURRING IN INTERNATIONAL TRADE 

o 

(. Agreed upon by the International Co?nmittee for the Analysis of Artificial 
Manures and Feeding Stuffs at ihe International Congress of Applied Chemistry , 
Berlin , 1903.) 


Preparation of the Samples for Analysis. 

As far as possible, a degree of fineness should be aimed at which 
will enable the whole of the material to pass through a 1 mm. sieve ; 
this applies to all feeding stiffs without exception. 

Methods of Analysis. 

1. Moisture. — Five grams of substance are dried at ioo° for three 
hours. In the case of linseed cake, see under 3 (i.). 

2. Albuminoids. — (i.)*Total Albuminoids . — Nitrogen is estimated by 
KjeldahFs or Gunning-Atterberg’s method, and the amount of nitrogen 
found is multiplied by 6*25. In the case of difficultly decomposable 
feeding stuffs, eg, cotton seed meal, groundnut meal, etc., it is 
advisable to add phosphoric anhydride to the acid if Kjeldahl’s method 
is used, 

(ii.) Pure Albumin is estimated either by Stutzer’s or by Kellner's 
method. The method used should be stated. 

(iii.) Digestible Nitrogen Compounds . — These are estimated by G. 
Kuhn’s improved modification* of Stutzer’s method. 
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Commercial pepsin may be substituted for gastric juice, provided 
the conditions laid down by Weiletfteycr 1 are followed. 

3. Fat.— (i.) General Method. — The feeding stuffs must first be dried 
for three hours at 95", on no account above 100". In the case of 
linseed cake and other oil cakes containing oils which oxidise easily, the 
drying must of course be conducted in a current of hydrogen or coal gas, * 
or it must be limited to one hour at ioo\ The fat must be extracted 
with ether free from alcohol and water. The extraction must be 
complete. The ether extract need not be soluble in ether after 
drying. 

(ii.) Molasses Feeding Stuffs. — To estimate the fat, 25 g. of molasses 
feeding stuff are first dried for about three hours at about So ', weighed 
when cold, and then ground ; 5 g. of the powder are then placed on a 
filter or in a Gooch crucible attached to the pump, and extracted with 
100 c.c. of cold water, which is allowed to drip slowly on to the sub- 
stance. The residue is dried at 95° in the usual way and extracted with 
ether. 

4. Nitrogen Free Extractive Matters.— (i.) The total of these 
products is generally taken by difference when all other constituents 
have been estimated. 

(ii.) In the estimation of sugars, the methods agreed upon by thf 
International Sugar Commission are accepted. 

5- Woody Fibre. — This is estimated by Weender’s method of boiling 
3 g. of substance (deprived of fat if necessary) with 200 c.c. of 1-25 per 
cent, sulphuric acid and 200 c.c. of 1-25 per cent, potassium hydroxide. 
Each boiling must be continued for half an hour from the moment when 
ebullition commences, and the water evaporated off must be replaced ; 
each boiling with acid or alkali is followed by Wbiling with water. The 
residue is thoroughly washed with hot alcohol and then with ether, 
dried till of constant weight, and weighed. The weight of the ash of 
the residue is subtracted. 

Most of the determinations made by English chemists have been 
obtained by the use of 125 c.c. of 2 per cent, acid and alkali (Smctham). 

6 . Ash. — Five grams of substance are carefully incinerated at a 

gentle heat,. r 

7. Sand or Mineral Admixtures. — The qualitative examination of 

all feeding stuffs for sand or mineral admixtures is 'necessary. These 
constituents must be quantitatively estimated whenever the preliminary 
test shows their presence in abnormal quantity. The sender of the 
sample must be informed of the result if the amount of these admixtures 
is more than 1 per cent. * 

1 Landw, Versuchs-Stat. } 1899 , 51 , 385 . 
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APPENDIX II. 

FERTILISERS AND FEEDING STUFFS (METHODS OF ANALYSIS) 

REGULATIONS, 1908 1 

{Text of the Regulations issued by the Board of Agriculture and Fisheries.) 

The Board of Agriculture and Fisheries, in pursuance of the 
provisions of the Fertilisers and Feeding Stuffs Act, 1906, hereby make 
the following Regulations : — 

Commencement 

o 

1. These Regulations shall take effect on the first day of January 
1909, and remain in force until altered or revoked by the Board of 
Agriculture and Fisheries. 

# Definitions 

2. In these Regulations : — 

“The Act” means the Fertilisers and Feeding Stuffs 
Act, 1906. 

“ Fertiliser” means any article used for fertilising the soil. 

“ Feeding Stuff” means any article used as food for cattle 
(as defined by the Act — i.e., bulls, cows, oxen, heifers, calves, 
sheep, goats, swine, or horses) or poultry. 

Other expressions have the same respective meanings as in the Act 

Methods of Analysis of Fertilisers 2 

3. The Methods of Analysis for the purposes of the Act shall be as 
follows : — 

(I.) PREPARATION OF THE SAMPLE FOR ANALYSIS 3 

(a) In the case of powdered fertilisers in a dry, or moderately dry, 
condition, the sample shall be passed through a sieve with perforations 
about 1 mm. in diameter? 

Adventitious materials which cannot be conveniently crushed, eg, 
fragments of metal in basic slag, shall be removed and allowed for. 

(b) Other substances which are dry enough to powder, but which 
are not in a fine condition, shall be pulverised until the sample passes 
through a sieve with perforations about 1 mm. in diameter. 

m 

1 Statutory Rules and Orders , 1908, No. 964. 

2 The appended notes, in regard to the details of the analysis, have been added by the Reviser. 

8 Details in regard to the taking of samples for the purposes of the Act are specified in “ The 

Fertilisers and Feeding Stuffs (Sampling, etc.) Regulations* 1906 ” ( Statutory Rules and Orders , 
1906, No. 945^ 
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(c) Wool, hair, hoof, shoddy, and similar substances shall be pulled 
apart and cut until in a fine concfition : or, if dry, they may be passed 
through a shredding machine. 

(d) Mtiist fertilisers which do not admit of being passed through a 
sieve shall be thoroughly mixed by the most suitable means. 1 

(e) In the case of horn, shoddy, and other substances which gain or 
lose water during the process of pulverising, the proportion of water 
shall be estimated in the coarse and in the powdered condition respec- 
tively, and the results of the analysis of the powdered sample shall be 
calculated to the water content of the original coarse substance. 

(/) Crystalline or saline materials, such as sulphate of ammonia, 
nitrate of soda, or potash salts, may be prepared by being well mixed 
and rapidly ground in a stoneware mortar, the portion finally reserved 
for analysis being especially finely ground. 

(g) When the sample has been passed through the sieve and 
thoroughly mixed, or, if not passed through 'the sieve, has been 
thoroughly mixed, a part of it, not being less than 100 g., shall be 
placed in a stoppered bottle, and from this the portions for analysis 
shall be weighed. ° 

(II.) DETERMINATION OF MOISTURE (LOSS ON DRYING) 

A weighed quantity of the sample shall be dried at ioo° C. 

(ill.) DETERMINATION OF NITROGEN 
The presence or absence of nitrates must first be ascertained. 2 * * * * * 

a 

(a) Total Nitrogen in absent# of Nitrates. 

A weighed portion of the sample 8 shall be transferred to a Kjeldah! 
digestion flask ; io g. of potassium sulphate and 25 c,c of concentrated 
sulphuric acid shall be added, and the flask shall be heated until a clear 

1 In the case of large samples, a convenient method is to break up the largest portions and to 

halve the bulk by “ quartering by thoroughly mixing the material and dividing It into four 

approximately £jual portions with a knife or spatula. The two opposite M quarters ** are then 
mixed and the lumps again reduced in size. The process of 44 quartering n and reduction should 
be continued until the portion remaining is sufficiently fine for analysis, 0 

2 This can be conveniently done by adding to the filtered water extract of the manure a few 
drops of a solution of indigo-carmine in sulphuric acid, and pouring into the mixture about an 

equal bulk of concentrated sulphuric acid. If the colour is discharged, nitrates are probably 
present 

8 The quantity taken must to some extent be determined by the nature and nitrogen-content 

of the material under examination. With acid and alkali, approximately one-fifth normal 

quantities, ranging from I to 1*2 g., may be taken in the case of materials rich in nitrogen, 

dried blood, horn meal, etc., while in the case of many mixed manures and bone meal, 

quantities up to 3 g. can be conveniently manipulated. ' 
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liquid, colourless, or of light straw colour, is obtained. 1 The operation 
may be accelerated by the addition of a small crystal of copper sulphate, 
or a globule of mercury to the liquid in the digestion flask. 2 

The quantity of ammonia shall be determined by distillation into 
standard acid after liberation with alkali, and where mercury has been 
used, with the addition also of sodium or potassium sulphide solution. 3 

(b) Total Nitrogen when Nitrates are present, 

A weighed portion of the sample 4 shall be transferred to a Kjeldahl 
digestion flask : 30 c.c. of concentrated sulphuric acid, containing 1 g. of 
salicylic acid, shall be added, and the flask shall be shaken so as to mix 
its contents without delay. The shaking shall be continued at intervals 
during ten minutes, the flask being kept cool, and then 5 g. of sodium 
thiosulphate and 10 g. of potassium sulphate shall be added. The flask 
shall be heated until the contents are colourless or nearly so. Copper 
sulphate or mercury # may be used as above described in paragraph 
(III.) (a). 

(c) Nitrogen in the form of Ammonium Salts, 

% 

A weighed portion of the sample 5 shall be transferred to a distilla- 

1 It is a safe precaution to heat the potassium sulphate to a red heat before use, and it is 
better to add it after the frothing with sulphuric acid has ceased. The liquid should be colour- 
less on cooling. 

3 If mercury be used, about o*7 g. is sufficient. This can be measured in a tube drawn out 
like a pipette with a mark on the drawn out portion at a point which has been found by 
experiment to deliver the requisite quantity. By dipping this tube into a bottle of mercury, the 
proper amount is easily obtained, and can be transferred to the digestion flask. 

3 The use of mercury is preferable to that of sulphate of copper ; the decomposition is then 
often complete in half an hour, and seldom takes longer Qhan one hour. Great care must be 
exercised, however, not to hur*y this stage of the process, and the boiling must proceed briskly. 
The digestion flask should be placed at an angle, and the neck closed with a glass stopper, 
loosely fitting, as described on p. 376. By the use of the glass stopper, any undecomposed 
sulphuric acid is condensed and the risk of the solution boiling to dryness avoided. 

The distillation apparatus should be provided with a proper condensing arrangement and 
should have a “ trap ” of suitable design to prevent any of the alkali used from being carried 
over into the standard acid. A simple and efficient contrivance for this purpose consists of a 
piece of §-inch block tin tubing, carried to a height of a foot or 18 inches above the distillation 
flask before being connected to the condenser. The steamls partially condensed in the tube and 
the condensed water carries baclf to the distillation flask any of the alkali which may have been 
carried up during ebullition. A little granulated zinc placed in the distillahon flask prevents 
bumping. 

The distillation fflsk should be provided with a stoppered funnel to allow of the addition of 
the alkali without loss of ammonia, and the sulphide solution should be added after the alkali^ 
otherwise there is a risk of sulphuretted hydrogen being evolved. 

Direct distillation with a flame is preferable to distillation by means of a current of steam, as 
in the latter case some of the ammonig, may escape distillation. 

4 In many cases it is necessary, and in most cases desirable, to grind the weighed portion of 
the substance with a small quantity of ignited gypsum before treatment. 

B In the case of sulphate of ammonia and other ammonium salts, the weighed quantity should 
not be less than 1 g., and preferably should be greater. ^ A sufficiency of standard acid must, of 
course, be u^d, * 
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tion flask, and the quantity of ammonia shall he determined as above 
prescribed in paragraph (ill.) (a). ' 

(d) Nitrogen in Nitrates in the absence of Ammonium Salts and of 

Organic Nitrogen. 

One gram of the sample shall be placet! in a half-litre Eriemncyer 
flask, with SO c.c. of water. Ten grams of reduced iron and 20 c.c. 
of sulphuric acid of 1-35 sp. gr. shall be added. The flask shall be 
closed with a rubber stopper, provided with a thistle tube, the head of 
which shall be half filled with glass beads. The liquid shall be boiled 
for five minutes, and the flask shall then be removed from the flame, 
any- liquid that may have accumulated among the beads being rinsed 
back with water into the flask. The solution shall be boiled for three 
minutes more, and the beads again washed with a little water. The 
quantity of ammonia shall then be determined as above prescribed in 
paragraph (ill.) (a). 

(e) Control Experiment in the determination of Nitrogen. 

The materials used in any of the methods described under this 
paragraph (ill.) shall be examined as to their freedom from nitrogen by, 
means of a control experiment, carried out under similar conditions, 
with the same quantities of the reagents which have been employed in 
the actual analysis, as in the case of (a), 1 g. of pure sugar being used in 
place of the weighed portion of the sample. The quantity of standard 
acid used in the control experiment shall be deducted from the total 
quantity of acid found to have been neutralised in the distillation of the 
sample. 1 - 

(IV.) DETERMINATION OF Wi OS P HATES 
(a) Phosphates Soluble in Water. 

In the case of superphosphates, dissolved bones, and similar sub- 
stances, 20 g. of the sample shall be continuously agitated for thirty 
minutes in a litre flask with-800 c.c. of water. 2 The flask shall then be 
filled to the mark, and again shaken, and the contents shall be filtered. 
Fifty c.c. of the filtrate shall be boiled with 20 c.c of concentrated 
nitric acid, and the phosphoric acid shall be determined by the molyb- 
date method prescribed below in paragraph (iv.) (d). 

1 By the proper selection of reagents, and particularly of the sulphuric acid, the total 
correction need not exceed o«i, or at most o-s c.c. of fine-fifth normal acid. By the simple 
expedient of testing samples of the sulphuric acid offered by dealers before purchasing, this 
correction can quite well be kept within these limits. ' 

* * n 0456 rao * 3t or sticky fertilisers which will not pass through a sieve of the prescribed 
mesh, it is necessary to break up the material with water before transferring it to the flask for 
agitation. - - 
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In the case of fertilisers in which the proportion of phosphates 
soluble in water is small, a larger quantity of the filtrate, prepared as 
above, shall be taken. 

(b) Phosphates Soluble in the Prescribed Citric Acid Solution . 

Five grams of the sample shall be transferred to a stoppered 
bottle of about i litre capacity. Ten grams of pure, crystallised 
citric acid shall be dissolved in water, the volume shall be made up to 
500 c.c., and the solution shall be added to the weighed portion of the 
sample in the bottle. To lessen the possibility of caking, the portion 
of the sample in the bottle may be moistened with 5 c.c. of alcohol or 
methylated spirit before the citric acid solution is added; and in*that 
case the volume of the citric acid solution shall be 495 c.c. instead of 
SOO c.c. The bottle shall be at once fitted into a mechanical shaking 
apparatus, and shall be continuously agitated during thirty minutes. 
The solution shall then be filtered through a large “ folded 35 filter, the 
whole of the liquid being poured on the paper at once. If not clear, 
the filtrate shall be again poured through the same p^per. 

Fifty c.c. of the filtrate shall be taken and the phosphoric acid 
shall be determined by the molybdate method prescribed below in 
paragraph (IV.) (d). 

(c) Total Phosphoric Acid. 

A weighed portion of the sample, in which portion, if necessary, the 
organic matter has been destroyed by ignition and the silica removed 
by appropriate means shall be dissolved in nitric acid and boiled, the 
solution being made up to a definite bulk. The phosphoric acid shall 
be determined in an aliquot part of the solution by the molybdate 
method prescribed below in paragraph (iv.) (d). 

(d) Molybdate Method. 

To the solution, which should preferably contain from o*i to 0*2 g. 
of phosphoric oxide (P 2 0 5 ), obtained as above described in paragraphs 
(IV.) (a), (b), or (c), 100 to 150 c.c. of molybdic acid solution^prepared as 
described below, or an excess of such solution, i.e., more than is sufficient 
to precipitate all*the phosphoric oxide present in the solution, shall be 
added, and the vessel containing the solution shall be placed in a water- 
bath, maintained at 70° for fifteen minutes, or until the solution 
has reached 70°. It shall then be taken out of the bath and 
allowed to cool, and the solution shall be filtered, the phospho-molybdate 
precipitate being washed several times by decantation, and finally on 
the paper with r per cent nitric acid solution. The filtrate and 
washings shall be mixed with "more molybdic acid solution and allowed 



474 


FEEDING STUFFS 


to stand for some time in a warm place in order to ascertain that the 
whole of the phosphoric oxide hets Seen precipitated. 

The phospho-molybdate precipitate shall be dissolved in cold, 2 per 
cent, amrilonia solution, prepared as described below, and about 100 c.c. 
of the ammonia solution shall be used for the solution and washings. 
Fifteen to twenty c.c, of magnesia mixture prepared as described 
below, or an excess of such mixture, ?>., more than sufficient to 
precipitate all the phosphoric oxide present, shall then be added, 
drop by drop, with constant stirring. After standing at least two hours, 
with occasional stirring, the precipitate shall be filtered off, washed with 
2 per cent, ammonia solution, dried, and finally weighed as magnesium 
pyrophosphate. 1 The filtrate and washings shall be tested by the 
addition of more magnesia mixture. 

(e) Preparation of the Molybdic Acid Solution. 

The molybdic acid solution shall be prepared as follows: — One 
hundred and twenty-five grams of molybdic acid and 100 c.c. of 
water shall be placed in a litre flask, and the molybdic acid shall be 
dissolved by the addition while the flask is shaken, of 300 c.c. of 8 per 
cent, ammonia solution, prepared as described below. Four hundred 
grams of ammonium nitrate shall be added, the solution shall b<* 
made up to the mark with water, and the whole added to 1 litre of 
nitric acid (sp. gr. 1*19). The solution shall be maintained at about 
35° for twenty-four hours and then filtered. 

(f) Preparation of Magnesia Mixture. 

The magnesia mixture shall be prepared as follows: — One hundred 
and ten grams of crystallised magnesium chloride and 140 g, of 
ammonium choride shall be dissolved irf 1300 c,c. of water. This 
solution shall be mixed with 700 c.c. of 8 per cent ammonia solution, 
and the whole shall be allowed to stand for not less than three days 
and shall then be filtered. 

(g) Preparation of the Ammonia Solutions . 

The 8 per cent ammonia solution shall b'e prepared as follows : — 
One volume of ammonia solution of sp. gr. o-88o shall be mixed 
with three volumes of water. This solution shall thefl be adjusted by 
the addition thereto of more strong ammonia solution, or water as 
required, until the specific gravity of the solution is 0-967. 

The 2 per cent ammonia solution shall be prepared as follows : — 
One volume of 8 per cent, ammonia solution shall be mixed with three 
volumes of water. 

1 The washing in this case mustj» complete. Washing once or twice by decantation before 
transferring the precipitate to the "filter will be found advantageous* 
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(V.) DETERMINATION OF POTASH 

(a) Muriate of Potash free from Sulphates. 

* 

A weighed portion of the sample (about 5 g. in the case of con- 
. centrated muriate of potash, or 10 g. in the case of low grade muriate) 
shall be dissolved in water, the solution shall be filtered if necessary, 
and made up to 500 c.c. To 50 c.c. of the solution, placed in a porcelain 
basin, a few drops of hydrochloric acid shall be added, and also 10 c.c. 
or 20 c.c. (according to whether the portion weighed was 5 g. or 10 g.) 
of a solution of platinum chloride containing 10 g. of platinum per 100 
c.c. After evaporation to a syrupy consistency on a water-bath, the 
contents of the basin shall be allowed to cool, and shall then be treated 
with alcohol of sp. gr. 0*864, being washed by decantation until the 
alcohol is colourless. The washings shall be passed through a weighed 
or counterpoised filter paper, on which the precipitate shall be finally 
collected, washed with* alcohol as above, dried at ioo°, and weighed. 

The precipitate is to be regarded as K 2 PtCl 6 . 

(b) Salts of Potash containing Sulphates. 

» A weighed portion of the sample (about 5 g. in the case of con- 
centrated sulphate of potash, or 10 g. in the case of kainite or other low- 
grade salts) shall be boiled with 20 c.c. of hydrochloric acid and 300 c.c. 
of water in a half-litre flask. Barium chloride solution shall be cautiously 
added, drop by drop, to the boiling solution until the sulphuric acid is 
completely precipitated. Any slight excess of barium shall be removed 
by the addition of the least possible excess of dilute sulphuric acid. 
The liquid (without filtration) shall be cooled and made up to 500 c.c. 
A portion shall then be filtered, and 50 c.c. of the filtrate shall be treated 
as in paragraph (V.) (a), 10 c.c. or 20 c.c. of platinum chloride solution, 
as the case may be, being used. 

(c) Potash in Guanos and Mixed Fertilisers. 

Ten grams of the sample shall be gently ignited in order to char 
organic matter, if present, and shall then be heated for ten minutes with 
IO c.c. of concentrated hydrochloric acid, and finally boiled with 300 c.c. 
of water. The liquid shall be filtered into a half-litre flask, raised to 
the boiling point, and a slight excess of powdered barium hydroxide 
shall be added. 1 The contents of the flask shall be cooled, made up 
to 500 C.C., and filtered. Of'the filtrate, 250 c.c. shall be treated with 
ammonia solution and excess of ammonium carbonate, and then, while 

1 It is preferable to add the barium hydroxide in the form of a saturated solution ; it should 
be added to very distinct alkaline reaction. " • 
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boiling, with a little powdered ammonium oxalate, cooled, made up to 
500 c.c. and filtered. Of the filtrate, 100 c.c. arc to be evaporated in a 
platinum dish, and the residue heated, first in the air-bath and then 
very gerftly over a low flame, till all ammonium salts are expelled, 
the temperature being carefully kept below that of low redness. 1 The 
residue shall be treated with hot water, filtered if necessary, and the 
potash shall be determined in the filtrate as in paragraph (V.) (a). 


Methods of Analysis of Feeding Stuffs 

4. The methods of analysis of a feeding stuff for the purposes of the 
Act shall be as follows : — 

(I.) PREPARATION OF THE SAMPLE 2 

(a) If the sample is already in a fine condition, eg, a meal, it shall 
be thoroughly mixed, and a portion for the determination of moisture 
shall be at once taken. 

(b) If the sample is not in a fine condition, eg., a cake, it shall be 
carefully pulverised until the whole passes through a sieve with 
perforations from 2 to 3 mm. in diameter. It shall then be thoroughly 
mixed, and a portion for the determination of moisture shall be at onc$ 
taken. 

(c) From the sample thus prepared, a portion of not less than 100 g. 
in weight shall be taken and further powdered if necessary and passed 
through a sieve with perforations of about 1 mm. in diameter. 

(d) If the original sample is appreciably damp, or if for any reason 
the operations of pulverisation and mixing are likely to result in loss 
or gain of moisture, the moisture shall be determined in this portion, 
as well as in the sample prepared as in paragraph (r.) (t>), in order that 
the results of the analysis may be corrected to correspond with the 
sample in its original condition as regards moisture. 

( e ) Materials which cannot be conveniently pulverised or passed 
through a sieve shall be thoroughly mixed and sampled by the most 
suitable means. 

(f) The ^prepared portion of the sample shall be placed in a 
stoppered bottle and from it the portions for analysis shall be 
weighed. 3 

1 This operation should be conducted with the greatest care, and the ignition should be 

carefully watched the whole time, so as to stop the heating directly the ammonium salts are 
volatilised. A good plan to adopt is to carry the sides of the dish through the dame until the 
alkalis are just in a state of incipient fusion. ^ 

2 Details in regard to the taking of samples for the purposes of the Act are specified in 
44 The Fertilisers and Feeding Stuffs (Sampling, etc.) Regulations, 1906 ** (Statutory Rules and 
Orders , 1906, No. 945). 

3 The portions taken for the various tests are best obtained by “ quartering ” until reduced 
to approximately the weight required (cf. p. 470). 
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(II.) DETERMINATION OF MQISTURIi (LOSS ON DRYING) 

A weighed quantity of the sample shall be dried at ioo° C. 

(ill.) DETERMINATION OF OIL 

(a) A weighed quantity 1 of the sample shall be placed in a Soxhlet 
thimble, which has been placed in the Soxhlet extraction tube and 
extracted with washed, redistilled ether. At the end of three to four 
hours 2 the thimble shall be removed from the Soxhlet tube, dried, and 
its contents finely ground in a small mortar previously rinsed with 
ether. The substance shall then be returned to the thimble, the mortar 
being washed out with ether, and the extraction continued for anQther 
hour. 3 4 

After evaporation of the solvent, the oil shall be dried at ioo° and 
weighed. 1 The oil shall be redissolved in ether, and any undissolved 
matter shall be weighed and deducted. 5 6 

(/;) In the case of samples containing saccharine matter, eg. y sugar 
meals, the weighed portion in the Soxhlet thimble shall be washed 
twice with water and then dried, previous to extraction. 0 

• (IV.) DETERMINATION OF ALBUMINOIDS 

The percentage of albuminoids shall be ascertained by multiplying 
the percentage of nitrogen by 6-25. 

The determination of nitrogen shall be as follows : — A weighed 
portion 7 of the sample shall be transferred to a Kjeldahl digestion 
flask : IO g. of potassium sulphate and 25 c.c. of concentrated 
sulphuric acid shall be jidded, and the flask heated until a clear liquid, 
colourless, 8 or of a light stra^v colour, is obtained. The operation may 
be accelerated by the addition of a small crystal of copper sulphate 
or a globule of mercury to the liquid in the digestion flask. 

The quantity of ammonia shall be determined by distillation into 

1 About 3 g. is the most convenient quantity. 

,J The distillation should be at such a rate that the ethei»syphons freely, but not sufficiently 
quickly to endanger loss of oil b}»spirting on the cork. 

8 Time is saved by substituting a second flask in the second extraction. * 

4 A series of weighings should be made at intervals of half an hour or so until the weight is 
practically constant, • 

8 By putting part of the ether in the flask and preventing syphoning until distillation 
commences, the danger of carrying over particles of the meal is prevented. 

6 Medicated meals containing sulphur, distillery meals containing lactic acid, condiments 
containing turmeric and other substances, may yield ether extracts not wholly consisting of 
fatty matters. Matters other than oils # and fatty acids should be determined and specified in the 
report 

7 From I to 1*5 g. is a convenient quantity. 

8 In the case of feeding stuffs which are free from any appreciable quantity of iron, the 

resulting solution should be quite colourless, • 
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standard acid after liberation with alkali, and, where mercury has been 
used, with the addition also of so’dium or potassium sulphide solution. 

The materials used shall be examined as to their freedom from 
nitrogen by means of a control experiment carried out under similar 
conditions with the same quantities of the reagents which have been 
employed in the actual analysis, I g. of pure sugar being used in place of 
the weighed portion of the sample. The quantity of standard acid used 
in this control experiment shall be deducted from the total quantity of 
acid found to have been neutralised in the distillation of the sample. 1 * * 

Use of Prescribed Weights 

5- In calculating the results of analysis the atomic weights adopted 
by the International Committee on Atomic Weights shall be employed. 

Forms of Certificates* 

6. Every certificate which is affected by Regulation No. 3 of the 
Fertilisers and Feeding Stuffs (General) Regulations, 1906, and these 
Regulations, and which is dated on or after the first day of January 
1909, shall contain the following words: — “The analysis was made in 
accordance with the Fertilisers and Feeding Stuffs (Methods oT 
Analysis) Regulations, 190S.” 

Limits of Error 

For the purposes of the provisions of the Act, concerning the effect, 
as a warranty of the statements made in the invoice, of a fertiliser or of 
a feeding stuff, respecting the percentages of phosphates, nitrogen, and 
potash contained in the fertiliser, or of oil or albuminoids contained in 
the feeding stuff, the limits of error shall be as follows : — 8 


Fertilisers 

Note .— In this schedule the figures relating to limits of error 
represent percentages of the whole bulk. 

Example of Application of Schedule. — E.g., in the case of a bone 
compound, if the percentages stated in the invoice are: soluble 
phosphates, 20 ; insoluble phosphates, 8 ; nitrogen, 1 ; then the 
warranty implied under sec. 1 (1) of the Act will be that the fertiliser 
contains: soluble phosphates, 19 to 21 percent.; insoluble phosphates, 
7 to 9 per cent, ; nitrogen, 0-7 to 1-3 per cent. 

1 See directions for the Estimation of Nitrogen in Fertilisers, p. 471. 

3 “The Fertilisers and Feeding,, Stuffs (Limits of Error) Regulations, 1906” (Siatutoy 

Rules and Orders , 1906, No. 946 ). c 
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— — B — 

Limits of Error. 

Description of Fertiliser. 

Soluble 

Phosphates. 

Insoluble 

Phosphates. 

Nitrogen. 

Potash. 

1. Superphosphate • 

2. Dissolved bones (vitriolised or vitriolated) 

1 

... 

... 

... 

made from raw bones and acid only : — 





(I.) When the total of the percentages of 





phosphates (soluble and insoluble) 
stated in the invoice amounts to 32 
or rhore, then — 

(a) If the excess of the actual per- 





centage of insoluble phosphates 
over that stated in the invoice 
is 3 or more 

4 


•3 

* 

( b ) If such excess is not less than 2, 





but is less than 3 . 

3 


•3 


(r) If such excess is not less than 1, 





but is less than 2 . 

2 


•3 


(II.) In all other cas^ 

1 

i 

*3 

M| 

3. Bone compounds * 

4. Compound manures (other than bone com- 

1 

l 

•3 

... 

pounds, but including dissolved or equalised 
guano) : — 





(a) If the respective percentages of 





nitrogen and potash stated in the 
invoice do not exceed 4 . 

1 

l 

•3 

•3 

% (5) If such respective percentages ex- 





ceed 4 

1 

l 

•5 

*5 

5. Sulphate of ammonia . 

... 

... 

•5 

... 

6. Nitrate of soda .... 


... 

•5 

... 

7. Ground hoofs and horns 



•5 


8. Dried blood ..... 

... 

... 

•5 

... 

9. Fish guano and meat meal 

10. All cakes and meals (other than bone or meat 

... 

2 

•5 

... 

meal). ..... 

... 


•5 


11. Ground bones and bone meal . 


2 

•5 


12. Basic slag and basic superphosphate . 

13. Shoddy, wool, and hair w$irte , 

2* 

2 

l” 

... 

14. Kainite and other potash salts : — • 





(#) Where the percentage of potash stated 





in the invoice does not exceed 15 

... 

... 

... 

1 

(3) Where such percentage exceeds 15 

... 

... 

... 

2 

15. Nitrate of potash .... 

16. Peruvian and other natural imported guanos : — 

... 

... 

-5 

2 

(a) Where the percentage of insoluble phos- 
phate stated in the invoice does not 





exceed 30 ... 


3 


•5 

(<$) Where such percentage of insoluble 





phosphate^ exceeds 30 . 

(c) Where the percentage of nitrogen stated 

... 

5 

... 

•5 

in the invoice does not exceed 3 


... 

•5 

*5 

( [d ) Where such percentage of nitrogen ex- 





ceeds 3 and does not exceed 5 . 

... 


•75 

•5 

( e ) Where such percentage of nitrogen ex- 





ceeds 5 . 

... 


1 

*5 


That is, soluble in a solution of citric acid of the prescribed strength. 
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Feeding Stuffs 

Note . — In this Schedule the percentage of albuminoids is to be 
taken as the percentage of nitrogen multiplied by 6-25. 

Example of Application of Schedule. — E.g., in the case of a linseed 
cake, if the percentages stated in the invoice are : oil^ 10 ; albuminoids, 
30 ; then the warranty implied under sec. 1 (2) of the Act will be that 
the linseed cake contains: oil, 8-75 to 11-25 per cent.; albuminoids, 
26-25 to 33-75 per cent. 


Description of Feeding Stuff. 


DeCorticated cotton cake or meal 
Undecorticated cotton cake or meal 
Earth nut or ground nut cake or meal 
Palm kernel or palm nut cake or meal 
Cocoanut cake or meal 
Niger seed cake or meal 
Sesame seed cake or meal . 
Sunflower seed cake or meal 
Hemp seed cake or meal 
Kurdee or safflower cake or meal . 
Compound cakes and fneals . 


Limits of Error. 


One-tenth of the percentage of oil 
and one-tenth of the percentage of 
albumTnoids stated in the invoice. 


Linseed cake or meal . 

Rape cake or meal ..... 
Maize products ..... 

All other feeding stuffs (as above defined in 
Regulation 2) not otherwise specified in this 
Schedule ...... 


One-eighth of the percentage of oil 
and one-eight of the percentage of # 
albuminoids stated in the invoice. 

One-fifth of the percentage of oil and 
one-fifth of the percentage of albu- 
minoids stated in the invoice. 


Literature 

Dyer, Ik — Fertilisers and Feeding Stuffs, 1908. # 

Kellner, 0 . — The Scientific Feeding of Animals, English translation by W, Goodwin, 
1909. 

Konig, J. — Die Untersuckung landwirthschaftlich und gewcrhlich wichtiger Stoffe , 
3rd edition, 1906. 

Warington, R. — Chemistry of the Farm , 1902. 

Wolff, E. van. — Far?n Foods, #English translation by H. H, Cousins, 1895. 




EXPLOSIVES 

By the late Oscar Guttmann. English translation revised by the Author. 1 

A. RAW MATERIALS 
I.— Potassium Nitrate 

• (a) Crude Nitre. 

The analysis of crude nitre is scarcely ever carried out in explosives 
factories, since the nitre is now always obtained irv the refined state. 
The analysis is conducted as described in Vol. I., p. 539 ; the method 
used for the examination of sodium nitrate, Vol. I., pp. 307 et seq., may 
also be referred to. 

The “ official ” method formerly used in Germany was based upon a 
purification of the nitre on a small scale. The amount of potassium in 
the residual salts was then determined by the perchlorate method 
(Vol. I., p. 522), and a further sample converted to carbonate by fusion 
with charcoal and sodium chloride, the carbonate decomposed by 
hydrochloric acid and the amount of nitrogen originally present as 
nitrate calculated from the Iqss of weight. No special precautions were 
taken to dry the gas. This method could perhaps give a rough 
approximation as to the yield which might be expected in refining 
the nitre, but could scarcely be considered as a serviceable analytical 
method. The same observation applies to the following French 
method : — o 

French Method. — Tw« samples, each of 400 g., are taken from the 
nitre, which has been brought up to 90 to 94 per cent., by "’breaking up 
the crystals ancj washing them with water or mother liquors. The 
samples are covered with 500 c.c. of water previously saturated with 
nitre at I 2 °* 5 , stirred for ten minutes, allowed to settle, and poured on 

1 This section, which was written by the late Mr Oscar Guttmann, both for the first and 
second German editions, has been considerably added to by Dr E. Berl in the third German 
edition (vol. iii., 1911). The English translation was revised by Mr Guttmann in 1910, when 
he did not regard it as desirable to incorporate the additions proposed by Dr Berl for the third 
German edition, in the English translation. The translation has accordingly been left as 
revised by Mr Guttmann. — C. A K« 
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to a filter. A second washing is carried out in the same way with 250 
cc. of saturated nitre solution.. These operations must be carried out 
in a room, the temperature of which is constant, to avoid solution or 
separation of nitre. After drying, the filter is carefully laid upon a 
double sheet of blotting paper resting upon some absorbent material 
such as filter paper cuttings, chalk, etc., in a flat dish. After twenty-four . 
hours, the nitre is scraped off, dried on a sand-bath, aTid weighed. The 
difference of weight, divided by four, gives the percentage of impurities; 

2 per cent must be added to the value thus obtained to allow for 
insoluble matter and nitre remaining from the saturated, solution. The 
method is tedious and inaccurate. 

* ( b ) Refined Saltpetre. 

The limit for the proportion of sodium chloride in pure saltpetre is 
0005 per eent. in England and o-oio per cent, in Germany and in 
France (in France, for blasting powder, 0033 per cent.). To test this, 
a few grams are dissolved in water by warming, and silver nitrate 
added ; at most, a faint opalescence should result. 

In France, 5-03 g. of silver nitrate, previously fused, are dissolved in 
J20 c.c. of water (1 c.c. = 0-0033 g- °f sodium chloride). One hundred 
grams of the sample are dissolved in distilled water, diluted to 500 c.c., 
and three portions of 50 c.c. removed (each portion = 10 g. saltpetre). To 
these the silver nitrate solution is added, drop by drop, from a pipette 
(thirty drops = I c.c.), six drops being added to the first portion, eight 
to the second, and ten to the third. The solutions are shaken, and a 
portion of each is filtered through a well-washed filter which has been 
tested with silver nitrate. One drop of silver nitrate solution is added 
to each of the three filtrates, and the degree of^purity is judged by the 
turbidity (six drops = ttow> ten drops = ^A-ir of impurity). A control 
test is always made by adding a drop of sodium chloride solution to 
nine drops of the filtrate, to ascertain whether excess of silver nitrate 
has been added. For mining powder, one part of impurity in 3000 is 
permissible. 

It is to be assumed from the presence of such a small quantity of 
sodium chloride, that other impurities are also present only to about 
the same extent, but Hellich showed, in 1894, that potassium per- 
chlorate may at times be present in considerable, quantities. In 
Germany it is now required that saltpetre shall not contain more than 
0-2 per cent of perchlorate, although according to the experiments of 
Lenze and Bergman, 0-5 per cent., and of Duprd as much as 1 per cent, 
may be considered harmless. The official-regulations in France require 
for artillery and rifle powder not more than XT fo nr of potassium chlorate ; 
and for artillery powder not more than x ^Vrr. and for rifle powder not 
more than of perchlorate. 
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Sulphates and carbonates are tested for qualitatively by barium 
chloride ; calcium, and magnesium salts, by the addition of ammonia and 
potassium oxalate or sodium phosphate, and sodium nitrate is tested for 
on the blowpipe or by covering the sample with alcohol and burning. 
Impurities can also be detected microscopically by allowing the salt- 
petre to crystallise out from a saturated solution, evaporating the 
mother liquor, crystallising the residue a few times, and examining 
the final mother liquor under the microscope. Potassium nitrate 
crystallises in prisms, sodium nitrate in rhombohedra, potassium and 
sodium chlorides in cubes which have the form of steps. 

For the quantitative analysis, the Moisture is determined by heating 
a weighed quantity in a platinum crucible until it just melts, allowing 
to cool in an exsiccator, and weighing. A further ioo g. of saltpetre 
are dissolved in water, in a beaker covered with a watch-glass, the 
solution filtered through a dried and weighed filter, and the residue 
washed, dried, and weighed. This gives the so-called “ Insoluble Matter! 
The Chloride is determined by dissolving io g. in hot water and titrating 
with N/io silver nitrate solution, using potassium chromate as indicator, 
until a permanent red precipitate results. One £.c. corresponds to 
0-005846 g. sodium chloride (cf. Vol. I., p. 123). The quality of 
pure nitrate is further determined, as a check, with Lunge’s nitrometer 
(Vol. I., pp. 132 and 315). 

In France, two different methods are prescribed for the determina- 
tion of Chlorate. In the first test a comparison is made of the intensity 
of the yellow coloration which results when nitrate containing chlorate 
is added to sulphuric acid of sp. gr. 1*84. Comparative tests are made 
with o, -3-^ and of chlorate, a known weight of nitrate, free 

from chlorate, being treated with the required quantities of a solution of 
potassium chlorate (1 g. per litre) and then dried and powdered. Four 
to five c.c. of pure sulphuric acid of sp. gr. 1-84 are placed in four 
similar watch-glasses standing on a sheet of white paper, and the 
standard nitrates and finally the nitrate to be tested are added, one by 
one, to the acid in the watch-glasses. This addition is made in such 
a way that the nitrate forms a cone projecting from the sulphuric 
acid. The colorations «of the solid masses are compared with the 
standard sample after standing for half a minute. 

In the alterative method, 10 g. of nitrate are dissolved in 50 to 60 
c.c. of water, four to five drops of neutral silver nitrate solution (io*8 g. 
per litre) added to precipitate any chlorides present, and the solution 
filtered repeatedly until perfectly clear. The filtrate is tested for 
chlorides with a drop of silver nitrate solution, heated to 90°, 15 to 20 
c.c. of an aqueous solution of lead nitrite then added, and the turbidity 
removed by the addition of 5 to 10 c.c. of nitric acid (pure acid of sp. gr. 
1*33 diluted with an equal volume of water). If the liquid does not 
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remain clear the nitrate contains chlorates, and is then tested to ascertain 
whether the quantity exceeds vodoff> by applying the same procedure to 
distilled water to which known quantities of potassium chlorate solution 
have beetf added ; in both cases similar beakers are used and the same 
volumes of the solutions (cf Vol. I., p. 322). 

For the determination of Perchlorate a large number of methods have 
been proposed, which are described in Vol. I., pp. 319-322. The follow- 
ing very accurate method is due to Duprd. 1 Twenty grams of the 
sample are melted for an hour at 545° (excluding the time of heating up 
to this temperature) in covered nickel crucibles of about 70 c.c. capacity 
in a Gilbert’s air-bath. The 20 g. sample is dissolved in warm water 
and - transferred to a 200 c.c. flask with the help of a funnel. The 
solution is best effected by the gradual addition of small quantities of 
water, 200 c.c. in all, the heating being carried out uniformly to avoid 
loss of liquid. Finally, the crucible and cover are washed, the solution * 
allowed to cool, and diluted to 200 c.c. The chlorine is determined in 
25 c. c. by Mohr’s method (Vol. I., p. 123) as a preliminary test. One 
hundred c.c. of the solution are taken (or less, if the preliminary test 
shows that more^ than 25 c.c. of a silver solution, corresponding to 
o-ooi g. Cl per cubic centimetre are required), sufficient silver nitrate of 
this strength added to precipitate all the chloride, then 4 c.c. of pure? 
concentrated nitric acid, and the solution heated for half an hour on a 
sand-bath to near the boiling point, actual ebullition being avoided. 
The solution is cooled, carefully filtered, the precipitate washed, 
some iron alum added to the filtrate, and the silver titrated with 
ammonium thiocyanate by Volhard’s method (Vol. I., p. 123). The 
thiocyanate solution is prepared so as to be about half the concentration 
of the silver solution; near the end of the titration, two drops or a 
multiple of two are always added, so that the colour change appears 
very distinctly ; the exact amount required is ascertained by deducting 
half of the last number of drops added. 

A second sample of xo g., which has not been previously heated, is 
then titrated as a preliminary determination by Mohr’s method, the 
heating of the solution being avoided as far as possible, and a further 
titration is carried out by Volhard’s method with a third sample of 10 g. 
previously melted for an hour at 545 0 , as in the case of the original 
20 g. sample. The difference in the chlorine before cfnd after heating 
gives the quantity of perchlorate, if no other chlorine compounds are 
present If the nitrate contained more than a trace of magnesia, the 
weighed sample must be moistened in the ^crucible with a few drops of 
sodium hydroxide, and dried in an air-bath, before commencing the 
fusion ; if iodates are present, they must be determined and allowed for 

in the results. Instead of titrating, the silver chloride on the filter 

* ** * 

1 J % Soc . Chem. Ind t) 1902 , 21 , 825 , ^ 
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paper may be weighed, but if this be done special attention must be 
paid to the washing, as otherwise ni crate may remain behind and would 
considerably influence the results. 

In Lenze’s 1 method the sample is melted at 580° to 6oo° instead of 
at 545°. 

According to^the French official method for the determination of 
perchlorates, 10 g. of dry nitrate are weighed into an uncovered 
platinum crucible, about 10 g. of sodium carbonate, free from chloride, 
added, the two salts mixed with a platinum wire and gradually heated 
to melting, the crucible being covered. The fusion must take place 
quietly and completely, and the cover must not be lifted. After a 
quarter of an hour the flame is removed and the covered crucible 
allowed to cool. If the fusion has been carried out successfully the 
whole forms a solid mass, adhering to the bottom of the crucible 
without any particles having been thrown up to the sides. To ascertain 
the size of flame necessary to effect this, a parallel blank experiment is 
carried out in which the lid of the crucible is lifted from time to time to 
ascertain the progress of the fusion. It is first ascertained qualitatively 
whether the percentage of perchlorate is less than o-i. For this 
purpose the fused mass is dissolved in pure nitric acid diluted with an 
^qual volume of water, avoiding spirting by covering the crucible with 
a watch-glass and allowing the acid to flow in from a pipette between 
the watch-glass and the rim of the crucible until no further efferves- 
cence occurs. The liquid in the crucible must react distinctly acid to 
litmus. It is then transferred to a 250 c.c. flask, both crucible and cover 
being thoroughly washed out with water. The solution is made up to 
250 c.c., the whole shaken, and 50 c.c. removed with a pipette divided in 
■^th c.c. In a few cubic centimetres of pure nitric acid 1.56 g. of pure 
silver are dissolved and diluted to a litre (1 c.c. = 2 mg. perchlorate). 
Sufficient of this solution is added to the above 50 c.c. to correspond to 
the maximum content of o-x per cent, perchlorate (and, in addition, 
the maximum of x ^nnj- of chloride). The liquid is shaken, filtered 
repeatedly through a filter paper previously washed with nitric acid, 
until the filtrate is clear, and the filtrate Rested with hydrochloric acid 
and silver nitrate, to ascertain whether the nitrate contained more or 
less than the permissible maximum. The determination may be 
repeated with the remainder of the solution, or the perchlorate may 
be determined quantitatively. 

II.— Sodium Nitrate (Chili Saltpetre) 

The qualitative and quantitative methods for the analysis of sodium 
nitrate are fully described in Vol. I., pp. 306 et seq. In English, German, 

^ 1 International Congre$s~of Applied Chemistry Report^ 19035 2, 354, 
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and American works the determination of the nitric-nitrogen is 
generally carried out by Lunge's method (Vol. I., p. 315); in France, 
Schlosing’s method (Vol. I., p. 3 * 7 ) 1S used. 

Good sodium nitrate for the preparation of nitric acid should 
contain at least 96 per cent, of pure sodium nitrate, and not more than 
075 per cent, of sodium chloride. The quantity of -nitrate available 
for the preparation of nitric acid, 43 is found from the quantity of nitric 
oxide, a , obtained in the nitrometer, by deducting one molecule of 
sodium nitrate for every molecule, b, of sodium chloride, in accordance 
with the equation : — 

..a-lg&L.a-Q* 1 . 454 ). 

. 58*46 

When sodium nitrate is used as an addition to explosives, it is 
repeatedly crystallised, and should then contain not more than 
of chlorine. The test is carried out in the same way as for potassium 
nitrate. * 

III.— -Ammonium Nitrate 

This has almost? always an acid reaction. It is tested qualitatively 
by heating a small quantity, when ammonia is evolved. The nitrogen 
content is determined in Lunge’s nitrometer, and the acidity by» 
titration with sodium hydroxide, using methyl orange as indicator. A 
red colour indicates the presence of iron, which is determined in the 
usual way. 

IV.— Barium Nitrate 

This is tested for qualitatively by the green flame coloration to 
which it gives rise in the Bunsen burner. It is examined quantitatively 
in the same way as potassium nitrate , 

V.— Potassium Chlorate, Sodium Chlorate, Potassium 
Perchlorate, and Ammonium Perchlorate 

These substances are onjy used by a few works. Minute quantities 
of impurities only are admitted because, if present, they may enter into 
combination *with other constituents of the explosives ; the conditions 
of purity are usually fixed by each works. * 

VI.— Sulphur 1 

A finely ground sample is boiled witlj distilled water and tested 
for acid by dipping a piece of litmus paper into the solution. Sulphur 
which reacts acid must be again ground and washed. When burnt in 
a porcelain crucible under a^ bell-jar, it should leave no residue (earths 

** Cf . Vol. I., pp. 264 el seq . + 
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and oxides). In Great Britain refined sulphur must not give more 
than 0*15 per cent of residue, and in America not more than 0*25 per 
cent; in France and Switzerland no residue is permitted, and in 
France crude sulphur of third quality must not give more than 3 per 
, cent of residue. 

A bright yellow or reddish colour indicates arsenic, the presence of 
which is not permitted. It is tested for by prolonged boiling with 
nitric acid, decanting the liquid, neutralising the residue with ammonium 
carbonate, and adding silver nitrate, when no yellow precipitate should 
be formed. The sulphur may also be treated with aqueous ammonia, 
and hydrochloric acid then added ; no yellow precipitate of arsenic 
sulphide should result. 

VII.— Charcoal 

The examination is, in general, confined to the physical properties. 
Good charcoal has a* deep black, velvety fracture, does not scratch 
polished copper, and should ring well when struck. Brown charcoal is 
recognised by its colour, whilst charcoal which has been too strongly 
ignited is hard, and has a metallic ring. Dogwodd charcoal has a 
dense fracture and a round brown pith ; willow charcoal a black round 
"'‘“''pith; alder a triangular pith, and hazelwood a small, round black pith. 
If a quantitative examination is required, the charcoal is oxidised in 
the usual way to carbon dioxide and water in a tube, and the contained 
carbon and hydrogen calculated. The nitrogen and oxygen are found 
by difference after deducting the ash. 

* .VIII.— Wood Meal 

Wood meal is used as aiv addition to dynamite, and less frequently 
as an ingredient of powders. It should be free from acid, and is 
generally required in such a state of subdivision that it passes through 
a sieve of twenty meshes per linear centimetre. It is tested for 
combustibility by mixing one part of wood meal with three parts of 
potassium nitrate in a wooden mortar £nd igniting in a covered 
crucible. The residue should not exceed 10 per cent. The rapidity 
of combustion is tested by filling a portion of this mixture into a metal 
groove and ignifing at one end. 

One of the best European explosive factories specifies the following 
requirements for wood meal. It must be prepared from white wood 
free from resin In its preparation no chemicals or other cleansing or 
bleaching agents must be used. The wood meal must be free from 
Impurities, and special care must be taken that no nails or other metal 
particles are present The moisture must not exceed 5 per cent. The 
meal must pass through a sieve of twenty meshes per linear centimetre, 
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but not more than a third of it must pass through a sieve of forty 
meshes. In drying, it must not'be exposed to any acid vapours, or to 
too high a temperature, in order to avoid the presence of acetic or other 
acid or of any undesirable, volatile ingredient. 

IX.— Nitric Acid 1 • 

The requirements of nitric acid used for the manufacture of nitro- 
glycerine, guncotton, etc., are that it shall contain at least 94 per cent, 
of monohydrate, and not more than 1 per cent, of nitric- peroxide, and 
that it shall be free from chlorine and sulphates. In many works, 
however, nitric acid is used containing from 92 to 96 per cent, mono- 
hydrate and not more than 0-75 per cent, nitric peroxide. The 
English Government calculates the nitrous acid as HN 0 2 , not more 
than 1*5 per cent, being allowed. This method of calculation is not 
quite accurate, for concentrated nitric acid contains no nitrous acid, 
but nitric peroxide. Since, however, the latter yields equal molecules " 
of nitric and nitrosyl-suJphuric acid when mixed with concentrated 
sulphuric acid, and* the nitric acid which thereby results is available for 
nitration purposes, the method is quite rational, as it only gives the 
nitrous acid, which is useless for the nitration. „ 

The acid is tested qualitatively for chlorine, sulphates, and iron in the 
usual way. Nitrous acid is always present if the acid is not quite white. 

Quantitative tests are carried out for : — 

(a) Nitric Acid Monohydrate, by weighing out some water into a 
100 c.c. flask with a ground stopper, then adding 10 c.c. of the nitric acid 
from a pipette, weighing again, and diluting to 100 c.c. The mixture is 
carefully shaken, 10 c.c. withdrawn, and titrated with Nj 10 sodium 
carbonate solution, using methyl orange <as indicator. More exact 
results are obtained by weighing out about 2 g. into a flask as above, 
diluting, and titrating the whole ( cf Vol. I., p. 329). 

{V) Nitrous Acid (nitric peroxide). — The method given by Lunge is 
now universally applied. Somewhat less than the required quantity of 
Nj 10 permanganate is introduced into a small Erlenmaycr flask, and 
exactly 2 c.c.o{ the nitric acid allowed to flow ?n, drop by drop, from a 
pipette, with* continual shaking, the pipette being held immediately 
over the permanganate solution. The solution is diluted with water, 
and titrated further with permanganate until the red colour persists for 
at least a minute (cf. Vol. I., p. 328). One c.c. N/10 permanganate 
corresponds to 0-00460 g. nitric peroxide. The weight of nitric per- 
oxide found is divided by the specific gravity of the sample of nitric 
acid and multiplied by 100, and gives then the weight per volume of 
nitric peroxide in percentages of monohydrate. 

1 Vol. I,, pp. 343 eiseq. 
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X. Sulphu.riq Acid 

This must contain at least 96 per cent, of monohydrate, but it is 
often stipulated that it shall contain 97 per cent It musrt be free 
from iron and other mineral matter, and must not contain arsenic. It 
* is examined quantitatively by titrating a weighed quantity with Njio 
sodium carbonate solution, using methyl orange as indicator. On 
passing hydrogen sulphide through a mixture of 50 g. of the acid and 
800 c.c. of distilled water, no yellow precipitate of arsenic sulphide 
should result. 


XI.— Nitrating and Spent Acids 
5 . (Cf Vol. I., pp. 331 et seq.) 

XII.— Cellulose 

• 

(a) Cotton. — This must be free from husks, seeds, and other foreign 
matter, and from short fibres and dust. In England, crude cotton must 
not give more than I-I per cent, of fat on extraction for four hours in a 
Soxhlet apparatus with ioo c.c. of ether, and must not evolve more than 
8 per cent, of moisture when dried at ioo 0 in an air oven; some German 
works make more stringent stipulations. Well-purified cotton should 
not react alkaline, and should sink to the bottom within two minutes 
when brought into distilled water. It should contain only traces of 
chlorine, lime, magnesia, iron, sulphuric acid, and phosphoric acid. 
Immediately before nitration the cotton should not contain more than 

0- S per cent, of moisture. The content of ash should not exceed o*S 
per cent. 

To estimate the content cf Wood Gum, 300 c.c. of sodium hydroxide 
solution of exactly S per cent, strength are poured on to 15 g. of dried 
cotton, the whole allowed to stand for twenty -four hours, with frequent 
shaking, and then filtered; to 100 c.c. of the filtrate, 200 c.c. of 95 
per cent, alcohol are added, then 9-5 c.c. of hydrochloric acid of sp. gr. 

1- 19 and the mixture neutralised by Njl hydrochloric acid, using 
phenolphthalein as indicator. An excess of 5 c.c. of normal hydrochloric 
acid is then added, and after allowing the whole to stand for twenty-four 
hours, the precipitate collected on a dried and weighed filter paper, 
washed successively with 95 P er cent. alcohol and ether, dried at ioo°, 
and weighed. The content of wood gum should not exceed -2-5 

* per cent. 

(b) Wood Cellulose should possess good absorbent properties and 

not be pasty. Calculated on the dry substance, the content of ash 
should not exceed 1 per cent, that of fat not 0-5 per cent., and that of 
gum not 1 per cent. ' ' ' 
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In many cases it is desirable to estimate the degree of bleaching ; 
this can be ascertained approximately by the Schwalbe-Vignon copper 
method. 1 

The proportion of oxy-cellulose can be determined colorimetrically 
by digesting O-S g. of cellulose with 200 c.c. of methylene blue solution 
(0-005 g- ln 100 c - c -) f° r twenty-four hours, and estimating the amount 
of colouring matter left in the solution by means of a Krtiss or other 
colorimeter. 


XIII— Glycerine 

This must have a specific gravity of at least 1-262, and must be free 
from calcium, sulphuric acid, chlorides, arsenic, sugar, and other 
impurities^ It should be transparent and only very faintly coloured, 
and must contain no free acid except traces of fatty acids. When 
rubbed on the hand, it should give no unpleasant smell; at most, it 
should only smell of caramel. When mixed in equal parts with a 10 
per cent, solution of silver nitrate it should give no black precipitate r 
after ten minutes. It is sometimes required that, when mixed with a 
quarter of its volume of 10 per cent, silver nitrate solution and allowed 
to stand for fifteen minutes in the dark, no dark brown coloration 
should be formed, and that when mixed with its own volume of normal 
Fehling’s solution it should show no reduction after standing for twelve 
hours in the dark. When nitrated with one part of nitre and two parts 
of sulphuric acid, the resultant nitroglycerine must separate readily 
after ten minutes and be free from flocculent particles. If the nitro- 
glycerine is poured into water, the latter must not become turbid and 
must become clear at once after the washing. The specific gravity Is 
determined with a Sprengel pyknometer. Qualitative tests are further 
made for chlorine with silver nitrate, forVsuIphuric acid with barium 
chloride, for calcium with ammonium oxalate, and for fatty acids by 
the above silver test. The organic and inorganic residues arc estimated 
by gradually evaporating 25 g. of the glycerine in a platinum dish on 
a water-bath or sand-bath below 160 0 , until the residue is fairly thick, 
and then completing the evaporation in an air-Jbath at 160 0 . According 
to Schalkvijk, a little water should be added to the residue from time to 
time to prevent it from becoming too thick. After evaporating to 
dryness, the residue is allowed to cool in an exsiccator, and weighed. 
This gives the sum of the organic and inorganic impurities. The 
residue is then incinerated by igniting the platinum dish, and again 
weighed, after cooling in an exsiccator. .The residual ash gives the 
quantity of inorganic matter, and the difference between this and the 
previous weighing the quantity of organic impurity. The former 
should not exceed 0-25 per cent, and the latter o-io per cent. It is 
1 Z . angew, Ckem ,, 1*9x0, 23, 924; J . Sac. Chim. Ind ., 1910, 29, 689. 
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sometimes required that a 50 per cent solution shall give no precipitate 
when treated with nitric peroxide and heated for two hours on a water- 
bath ; also that no precipitation should occur on further dilution. 

To nitrate the glycerine, the mixed acids are placed in a beaker, 
which is held with the hand in a pail of cold water and kept 
continuously in motion, and the glycerine slowly allowed to flow in. 
When the nitration is complete, the mixture is brought into a 
separating funnel and the nitroglycerine which separates run out into 
a long burette. The residual acid is run into a second burette and both 
are allowed to stand for half an hour. The number of cubic centimetres 
of nitroglycerine, multiplied by the sp. gr. i-6oo, gives the weight of 
nitroglycerine obtained. This should be at least 200 per cent, of £he 
glycerine. 

Special apparatus for conducting the nitration test are also used in 
German works, of which that devised by Schlegel and improved by 
Novak 1 is the most convenient. This consists of a separating funnel 
which is placed in a suitable containing vessel ; the funnel is provided 
with an inlet tube for air, an exit tube, and a thermometer. A freezing 
mixture or well-cooled water can be used with this apparatus, whereby 
any decomposition is avoided as far as possible. 

• 

XIV. — Benzene, Toluene, Naphthalene, Phenol 
( Cf. section on Coal Tar, pp. 779 et seq.) 

XV.— Kieselguhr 

The commercial product is usually sufficiently pure. The quantity 
of organic matter is found by ignition. Oxides of iron, aluminium 
sulphate, and other impurities are tested for in the usual way. The 
absorbing power is tested by mixing a weighed quantity of nitro- 
glycerine with a weighed quantity of kieselguhr, filling the mixture 
into a wooden mould, and pressing with a wooden plunger loaded with 
a given weight. The mould is open at both ends, and its lower opening 
closed with a piece of parchment paper. *No nitroglycerine should 
exude when a certain pressure is applied, generally 10 kg. per square 
cubic metre for a column 10 cm. high. 

• 

XVI.— Mineral Jelly 

This is principally used in England for the manufacture of cordite. 
It should be free from foreign matter, scales, and particles, should have 
a flash-point of at least 400° F. (205° C.) and a specific gravity of not less 
than 0-87 when tested with a hydrometer at ioo° F. (37-8° C.). When 

1 Z.ges. Schiess- u. Sprengsloffw., 1906, i, 23, 191. The apparatus is made by E. Greiner, 
Stiitzerbach. m 
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exposed in an open dish over boiling water, it should not lose more thar 
o-2 per cent, in twelve hours. 'The melting point should not be lowei 
than 86° F. (30° C.), and it should be free from both mineral matter anc 
acids. 

XVII— Camphor 

Natural camphor is completely soluble in alcohoFand in ether. In 
the pure state it melts at i79°-4; the commercial, usually sublimed 
product melts at about 177 0 . It should leave no residue on combustion, 
and should contain only a minute quantity of insoluble matter. The 
examination of camphor has been investigated by J. E. Crane and 
C. M. Joyce. 1 

XVIII— Acetone 

The commercial product Is now very pure. It is distinguished by 
its characteristic smell, which Is, however, common to mcthylethyl- 
ketone and other acetone oils. According to Schjvicker, T0 - per cent, 
of acetone can be detected by adding a few drops of ammonia of 
specific gravity 0-890 and two drops of Njio iodine solution to the 
solution, when a Cloudy precipitate of nitrogen iodide is formed, which 
on shaking or gentle warming disappears, giving rise to a precipitate of 
iodoform. A 

In England it is required that the liquid shall be genuine acetone 
containing only small quantities of substances which are normally 
formed as by-products. It must be colourless and perfectly transparent, 
give no turbidity when mixed with water in any proportion, and no 
residue when evaporated on the water-bath. The specific gravity at 1 5^-5 
must not exceed 0800. When x c.c. .of a o-io per cent, solution of 
pure potassium permanganate is added to 100 etc. of acetone at 15 ".5 a 
distinct colour must remain for at least 'thirty minutes. Further, it 
must not contain more than 0-p02 per cent, of carbon dioxide, and must 
be quite neutral. 

In Germany and Austria it is specified that : — 

x. The acetone must be completely clear and water-bright 

2. It must be perfectly -miscible with water in all proportions, and 
the mixture^ shall show no turbidity or precipitate, either at once or on 
long standing. 

3. It shall be perfectly neutral. '■ 

4. It shall show at least 98-5 per cent with the weight-thermo- 
alcoholometer at 1 s°. 

5. It shall not contain more than o-r per cent, of aldehyde. 

6. The iodometric determination of the'' iodine shall show at least 98 
per cent, of pure acetone. 

7. At least 95 per cent.^of the acetone shall distil over at 58°. 

1 /. Soc. Chtm. Ind., 1907, 26, 386, 598. 
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The testing of the acetone by the weight-thermo-alcoholometer 
is carried out in the apparatus constructed by G. H. Schulze. For the 
determination of the aldehyde, 3 g. of crystallised silver nitrate, 3 g. of 
sodium hydroxide, and 20 g. of ammonia solution (sp. gr. abont 0-900) 
are made up to 100 c.c. with water; this solution can be kept for a 
considerable time in the dark. Ten c.c. of the acetone are treated with 
10 c.c. of distilled water and 2 c.c. of the above silver solution, covered, 
allowed to remain in the dark for half an hour, the liquid then 
decanted from the reduced silver, and tested with a solution of am- 
monium sulphide, which should be as light in colour as possible, to 
ascertain whether any excess of silver remains in solution. If this be 
the case, the quantity . of aldehyde in the acetone is less than oijer 
cent. The excess o’f silver is also shown by a brownish black precipitate 
or a brown turbidity of the solution. 

The iodiometric determination of acetone was first described by 
Kramer. In presence of alkali and excess of iodine, acetone is 
Converted quantitatively to iodoform at the ordinary temperature, 
according to the following equations : — 

(i.) 6NaOH + 3l 2 = 3NaI + 3NaOI + 3^0. 

(ii.) CH3.CO.CH3 + 3NaOI - 2NaOH + CH 3 .COONa + CHI 3 . 

# Hence 6 atoms of iodine convert 1 mol. of acetone to 1 mol. of 
iodoform. Thus 58-04 g. of acetone correspond to 761*52 g. of combined 
iodine. The iodine which does not enter into reaction remains in the 
form of sodium iodide and hypoiodite as in (i.), and can be again 
liberated by hydrochloric acid, 

NaOI + Nal-fzHCl - 2NaCl + H 2 0 + 1 * 

and can be estimated by sodium thiosulphate. 

For the analysis, about 4^g. of acetone are accurately weighed out 
and diluted to 1 litre with water. Ten c.c. of this solution are 
introduced into a 25 o c.c. flask with a well-ground stopper, In which 
they are treated with 50 c.c. of normal sodium hydroxide solution, and 
50 c.c. of Njio iodine solution. The mixture is well shaken for half 
an hour, 50 c.c. of normal hydrochloric acid added, and the free 
Iodine titrated with JV/iS sodium thiosulphate solution, us*ng a clear 
starch solution as indicator, until the colour disappears. The thio- 
sulphate used is Recalculated to iodine and deducted from the 5 ° c * c - 
used The difference is expressed in percentage by weight of acetone ; 
I g. of acetone corresponds to 103 3* 8 c.c. of Nj 10 iodine solution. 

The acidity is tested by adding a few drops of phenolphthalein 
solution to 100 c.c. of the acetone, and Introducing 1 c.c. of Njio sodium 
hydroxide solution, when a distinct red colour should result. A solution 
of mercuric chloride should give no turbidity in acetone. » 

The English specifications for the testing of acetone for acidity 
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prescribe that 50 c.c, of acetone shall be diluted with 50 c.c. of distilled 
water and 2 c.c, of phenolphthalein solution added (1 g. in 1000 c.c. of 
50 per cent, alcohol). The solution is then titrated with N/100 sodium 
hydroxide solution ; 1 c.c. corresponds to 0-0006 g. of acetic add. 

According to A. Marshall, 1 basic substances and strong acids can be 
determined by diluting the acetone with an equal volume of boiled, • 
distilled water, adding two to four drops of a saturated aqueous solution 
of para-nitrophenol, and titrating with normal acid or alkali hydroxide 
respectively. Weak acids can be estimated by mixing the sample with 
water as above, boiling for from five to ten minutes, and titrating with 
normal sodium hydroxide, using phenolphthalein as indicator. Carbon 
dioxide is determined by diluting the acetone with water and titrating 
wifh phenolphthalein as indicator, but without boiling. 

The accurate determination of the boiling point of acetone requires 
some care. From 80 to 100 g. of the sample are weighed into a small 
dry flask of about 150 c.c. capacity, which is ^placed on a sheet of 
asbestos 20 cm. square and 5 mm. thick, in the middle of which a hole 
20 to 25 mm. in diameter has been cut out. The flask is heated over 
a free flame. As the bottom of the flask is about 40 mm. in diameter, 
it completely covers the hole and is protected on all sides from radiant 
heat by the asbestos. The distillate is collected in a tared flask and 
weighed. From the quantity taken and that collected, the percentage 
which passes over at the correct boiling point is calculated. 

XIX. — Ethyl Ether and Ethyl Acetate 

In both cases the commercial products are sufficiently pure. It is 
sufficient to test them for free acid by the method given under acetone 
and to ascertain by evaporation whether any residue or foreign odour 
remains. (For more detailed tests, if Vof. III.) 

XX. — Alcohol 

This may be obtained commercially in a state of sufficient purity. 
(For the methods of testing, cf Vol. III.) 

* 

XXL— Diphenylamine 

♦ 

This is estimated as diphenylamine tetrabromide, according to 
, the method proposed by W. Dreger. 2 Bromine is added, drop by 

;*-■ drop, to an alcoholic solution of diphenylamine, until an excess is 
■ present, then twice the volume of water* and the whole boiled, with 
constant stirring, until the alcohol and excess of bromine have been 

\ \ 1 J. S*c. Chem. ffuL, 1904, 23, 646. 

>>Tj V 2 & es ' St&uss- u t S£ren&£<$w, { 1909, 4, 12 $ ; 5 , Soc. Chem . /#« 4 , 1909, 28, 489. 
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driven off and the liquid reduced to half of its original volume. The 
precipitate of tetrabromdiphenylamine is filtered off on a Gooch 
< crucible, washed with warm water, and dried at 98° to roo°, until the 
weight is constant. The percentage of diphenylamine is given by the 
formula : — 

34*87 
- “ 

in which n = weight of tetrabromdiphenylamine found. 

£ = weight of substance taken. 

B. FINISHED EXPLOSIVES 
I. — Black Powder 

(a) Qualitative Examination. 

* The physical properties of the powder are first examined. It should 
show no differences of colour even when pulverised between the fingers, 
and no sharp particles should be detectable. When, poured over the 
hand or over a sheet of paper, no colour should be produced. The 
grains must be hard, and, on grinding, the powder should first break 
ifito sharp-edged fragments. The size of the grains should lie between 
certain limits according to the nature of the powder. These are tested 
by passing it through a series of sieves. 

The * volumetric gravity ,” that is the weight of a litre of powder, is 
determined by a standard litre measure. The absolute specific gravity 
is generally determined by Bianchfs densimeter, and that of large- 
grained or prismatic powder by Bode’s densimeter. 

The moisture content is determined by drying the sample in an 
air-bath or on a water-bath/ The temperature is retained at i6o°F. 
(7i°C.) in England, 85° to 90° C. in Germany, and 70°C. in France. 
The powder is tested qualitatively by extracting a small quantity on 
a filter with hot water, and examining the extract by the method given 
under saltpetre. Sulphur is extracted by pouring carbon bisulphide 
over a small sample, decanting, and evaporating the liquid in a small 
porcelain dish, when crystals of sulphur are obtained. The" 1 charcoal is 
separated by digesting a small quantity of the powder with carbon 
bisulphide, filtering, washing the residue with hot water, drying the 
filter, and examining the residue under a microscope. 

(b) Quantitative Examination. 

1 , Saltpetre , . — Five grams of the powder are brought on to a 
filter, moistened with water, and the saltpetre dissolved out completely 
by the addition of small quantities of hot water. After carefully 
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evaporating the solution, it is finally taken to dryness at 280'’ and the 
residue weighed. 

2. Sulphur . — In Great Britain and France, Millon’s method is used.. 
One part of the powder is oxidised by slowly heating it with eleven parts 
of pure, concentrated nitric acid and two parts of pure potassium chlorate. 
When the evolution of gas ceases, a fresh, small quantity of potassium 
chlorate is added, and this repeated until the liquid is quite clear and 
yellowish, the nitric acid which is lost by evaporation being replaced. 
Finally, the whole of the nitric acid is evaporated off, the residue dissolved 
in hot water, barium chloride added, and the precipitate treated as usual. 

The method in general use in Germany is that of Gay-Lussac : — 
Five grams of finely ground powder are mixed with the same 
quantity of gently ignited sodium carbonate, 5 g. of potassium nitrate 
and 30 g. of sodium chlorate added, the whole intimately mixed in a 
mortar, and then subjected to prolonged heating in a platinum crucible 
until it is white. After cooling, the mass is dissolved in water, acidified 
with hydrochloric acid, and the resultant sulphuric acid precipitated 
with barium chloride ( cf. Vol. I., p. 272). The precipitated barium 
sulphate is collected on a filter, carefully washed, dried and weighed, 
and the sulphur content calculated. 

Petersen 1 has proposed the following method for the determination 
ofthe sulphur: — o -8 g. of powder Is boiled for twenty minutes with40c.c. 
of a 2 per cent, solution of sodium hydroxide, 50 c.c. of a 3 per cent, 
solution of chemically pure hydrogen peroxide then added, the whole 
boiled for five minutes, acidified with hydrochloric acid, and filtered. 
The sulphate formed is evaporated to remove nitric acid, and then 
precipitated, as usual, as barium sulphate. If the solution be not thus 
evaporated, about 01 per cent, too much sulphur is found. 

3, Charcoal . — The percentage of charcoal is usually found by differ- 
ence of weight. In Germany it is prescribed that the residue on the 
filter from the determination of the nitrate, containing charcoal and 
sulphur, shall be replaced in the funnel, and the latter placed in a metal 
funnel kept at 30° to 40° by warm water. Pure carbon bisulphide, to 
which 25 per cent, of alcohol has been added, is then poured on to the 
filter. The washing is finished with pure alcohol, and the filter dried 
at 90° and weighed. The weight obtained, minus that of the filter 
paper, gives the quantity of charcoal, and the difference' that of sulphur. 

1 1.— Nitrocellulose 

(a) Qualitative Examination. 

It is generally possible to ascertain with a lens, or if necessary with 
a microscope, whether the product under investigation contains nitro- 

4 and . Chirr .., 1903, 42, 406. 
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cellulose. According to Kindt, guncotton can be distinguished from 
cotton by treating with a solution of iodine in potassium iodide and 
.subsequently moistening with dilute sulphuric acid; cotton becomes 
blue, guncotton yellow. If nitrocellulose be examined under ~a micro- 
scope in polarised light, the unnitrated cellulose appears bright yellow 
to reddish, whereas highly nitrated cellulose is either bright or dark 
blue. Lower nitrates of cellulose sometimes appear grey. 1 It is 
important that there shall be no other nitro-compound in the mixture, 
for it is probable that most of these will be coloured in polarised light. 
Dinitrotoluene has been shown to behave in the same way as nitro- 
cellulose. 

(6) Quantitative Examination. 

For the testing of nitrocellulose, and particularly of guncotton, a 
systematic method of analysis is always prescribed in the conditions 
under which the explosive is accepted. 

i. Moisture. — A carefully prepared sample is taken, rubbed to a 
'powder by hand, and pressed through a fine metal sieve. Small paper 
trays are made by folding the edges of a piece of paper, and the 
guncotton is spread out on these, and dried to constant weight at 
40 to 50 . All analytical results are calculated on the dried substance. 

„ 2. Ash. — Five grams of dried nitrocellulose are burnt off in a 
weighed platinum or porcelain crucible with the addition of some pure 
paraffin wax. The combustion may be assisted with a glowing 
platinum wire, in order that the incineration may take place at the 
lowest possible temperature. The ash is taken up with a solution of 
ammonium carbonate, and heated repeatedly to 200° until the weight is 
constant. 

3. Calcium Carbonate. — In England, 3 g. of dried nitrocellulose are 
shaken for fifteen minutes wRh 20 c.c. of N/ 2 hydrochloric acid diluted 
with about twice its volume of water. The mixture is filtered, and the 
nitrocellulose on the filter washed until neutral. Twenty c.c. of N/ 2 
sodium carbonate solution are then added to the filtrate, and the 
quantity of sodium carbonate neutralised by the Nj2 acid estimated. 

On the Continent, 5 g. of nitrocellulose are treated with xoo c.c. of 
water and 25 c.c. of Nf$ hydrochloric acid, at 15°. The, mixture is 
boiled for six to seven minutes, filtered, washed repeatedly, the filtrate 
allowed to cool titrated with' N/$ sodium carbonate solution, using 
methyl orange or litmus tincture as indicator. From the difference 
between the number of cubic centimetres of hydrochloric acid -and 

1 The contrary statement in Guttmann’s Manufacture of Explosives, vol. ii., p. 59, is due to 
an erroneous transposition of the ^rds “colourless” and “iridescent*” The behaviour in 
polarised light mentioned by Guttmann was taken from DdsortiauX, Les poudres , etc . Numerous 
tests of nitrocellulose in polarised light have since been carried out by Guttmann, and the 
question has been sytematically studied by Lunge and Weintraub ( \Z \ angewl Chem t , 1899, 
12,471). 
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sodium carbonate used, the alkali content is calculated. Another 
method is to digest 5 g. of nitrocellulose for twenty-four hours with Njz 
hydrochloric acid, filter, wash the residue repeatedly, and dry. The 
difference of weight gives the quantity of calcium carbonate. 

4. Stability Test . — About x g. is subjected to the stability test 
described in detail on pp. 5 1 2 ct seq. In England, when used for cordite, * 
it must withstand the test at iyo°F. (q 6 n -qC.) for ten minutes; in 
Germany, guncotton must withstand the test at 8o° for twenty-five 
minutes. Guncotton containing calcium carbonate is previously freed 
from this by washing with cold water, or sometimes with dilute 
hydrochloric acid and then with water, until neutral. 

o 5. Ignition Temperature. — 0-05 g. of nitrocellulose is brought info a 
test tube, standing in an oil-bath at xoo°. The temperature is gradually 
raised and the point is observed at which the nitrocellulose ignites. 
For good nitrocellulose this should not be below 1 So”. 

A variety of other so-called " Deflagration* tests ” have also been 
introduced. A test of this character is employed in Germany in 
connection with the transport of explosives on railways. 

6. Determination of Nitrogen . — This is almost always determined 
with Lunge’s nitrometer (Vol. L, pp. 132 and 315). About o-6 g. of 
nitrocellulose is accurately weighed into a small weighing bottle, some 
sulphuric acid added, and the whole allowed to stand for twenty or 
thirty minutes until the nitrocellulose is completely dissolved. It is 
then washed into the nitrometer with concentrated sulphuric acid, the 
bottle rinsed out with a further 10 c.c. of dilute sulphuric acid, and the 
cup of the nitrometer also washed with this acid After shaking the 
nitrometer in the usual way and allowing to cool, the number of cubic 
centimetres of nitric oxide is read off; the final reading of the 
temperature should be made after standing for twenty minutes. The 
statement that by dissolving the guncotton in sulphuric acid cooled 
with ice, about 0*2 per cent, too much nitrogen is found, has been 
shown by careful experiments not to be the case. 

The French Government uses the Schldsing method, as modified 
by Schultze and Tiemanh and improved by R. Schmidt {cf. VoL I., 
p. 317)- I fe is not so simple and rapid as Lunge’s method, but is used 
as a control. The apparatus used is shown In Fig. 73, 

It consists of a glass cylinder in which a graduated burette is fitted 
by means of two stoppers. The burette has a glass tap a and a funnel 
y At its upper end ; its lower end dips into a glass bath w which is fitted „ 
with a perforated rubber stopper at its lowest point This is connected 
by a glass ""[“-piece on the one hand with the vessel containing sodium 
hydroxide solution and on the other hand with the pressure tube c. 

To fill thS burette, the glass tap a and the pinch-cock b are opened and 
the sodium hydroxide "solution allowed to flow gradually into the 
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opened. Cold water passes through the tube * f® d ° Sed and * 
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into the tube r , and allowed to pass into the flask f by opening the 
pinch-cock g, care being taken that no air enters, a few cubic centimetres 
of water being added to wash in the remains of the hydrochloric acid. 
The cock^ is then closed, the tube i brought under the burette and the 
flask heated. As soon as the pressure of the nitric oxide in the flask 
exceeds the external air-pressure, the rubber connecting tube becomes 
inflated ; the pinch-cock at h is then opened, and the contents of the 
flask boiled, with repeated shaking, until no more bubbles of nitric oxide 
are evolved and a crackling sound results from the distillation of hydro- 
chloric acid. The pinch-cock h is now closed, g opened, the burette 
brought down on to the rubber stopper in the bath xv so as to make 
an, air-tight connection, and the cooling allowed to proceed until the 
water which passes out of the cylinder at e has the same temperature 
as that which enters it at d, as observed on the thermometers in the 
glass tube and in the tube e. If now the level of the liquid in the 
pressure tube be adjusted to that in the burette, the volume of nitric 
oxide can be read to within o-i c.c. and the nitrogen content calculated 
in the ordinary way. The sodium hydroxide solution in the bath is 
drawn off after use by a tube / into a vessel under the table. 

The ferrous chloride solution is prepared by dissolving iron nails in 
hydrochloric acid. The iron must be present in excess. When tihe 
evolution of hydrogen ceases, the solution is filtered whilst hot through a 
folded filter, and the filtrate acidified with a few drops of concentrated 
hydrochloric acid. The sodium hydroxide solution over which the gas 
is collected should have a sp. gr. of i-2i to 1-26. 

The results obtained with the Schultze-Tiemann apparatus are 
generally somewhat higher (about 02 per cent.) than those obtained 
with Lunge’s nitrometer. The modification of Kjeldahl's method pro- 
posed by Chenel 1 has not come into usc. r 

The nitrogen content is generally expressed as percentage of 
nitrogen; in France, it is given in cubic centimetres of NO (reduced 
to o° and 760 mm.) per gram of nitrocellulose. One c.c. of NO 
corresponds to 00626 per cent, of nitrogen ; or, 1 per cent, of nitrogen 
corresponds to 15-98 cc.TfO. The highest ^nitrate of cellulose of the 
formula, C^H^NOjjXgOaj, should give 14-15 per cent, of N or 226-12 
c.c. of NO per gram; a nitrocellulose of this composition has, however, 
never been obtained (Lunge). 

7- Determination of the Unnitrated Cellulose ,— Five grams of dry 
nitrocellulose are boiled for half an hour with a saturated solution of 
sodium sulphide, allowed to stand for twenty-four hours, the solution 
decanted, then boiled again for half an hour with a fresh solution of 
sodium sulphide, the residue collected on a linen filter of known weight, 
.washed With hot, distilled water, until the filtrate gives no coloration 

1 MimariSl da Poudra et Salpttra, voL yiii., p, 45 . 
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with lead acetate, then with dilute hydrochloric acid, and finally with 
water, until the filtrate gives no reaction with silver nitrate. The filter 
is dried, and the residue detached, and dried on a watch-glass at 50°. 
The weight of the dried filter minus the weight of the ash, which is 
determined by igniting the filter in a platinum crucible, gives the 
weight of the unnitrated cellulose. 

In the United States, the nitrocellulose is boiled for thirty minutes 
with a solution of sodium stannate, allowed to stand for twenty-four 
hours, the liquid decanted, the residue boiled a second time, filtered on 
a weighed filter, and washed. It is then washed three or four times 
with 5 per cent, hydrochloric acid to remove metallic salts, finally with 
water until neutral, dried, and weighed. 

Lunge and Weintraub have proposed the following method for the 
determination of the unnitrated cellulose: 1 — From 2 to 3 g. of sodium 
are dissolved in 100 c.c. of alcohol (the proportions are given for about 
5 g. of nitrocellulose, for which 2 to 3 g. of sodium form a considerable 
excess), and if the liquid is not completely clear (owing to impurities 
in the sodium) it is filtered ; 100 c.c. of acetone are then added to this 
solution. Of the 200 c.c. thus obtained, 50 c.c. are sot apart for subse- 
quent use (cf. infra), the remaining 1 50 c.c. are transferred to a porcelain 
dish or Erlenmeyer flask, and the weighed quantity of nitrocellulose 
added. The action is assisted by warming on the water-bath to 4 o° to 
50°, with occasional stirring or shaking ; after twenty to thirty minutes 
the reaction is complete. The residue is allowed to subside and the 
brownish red liquid decanted through a small filter; the residue is 
moistened with alcohol to remove traces of products resulting from 
the action of the sodium ethylate upon the acetone, the alcohol decanted, 
and the residue treated with water, which dissolves the brown substance. 
The liquid is filtered, the residue brought on to the filter, and well 
washed with hot water containing some hydrochloric acid. If the 
quantity of unattacked cellulose is considerable, and if extreme accuracy 
is not essential, this first estimation is sufficient. The residual cellulose 
should evolve no gas in the nitrometer, if the reaction has been properly 
carried out, but should still show a strong diphenylamine reaction, indi- 
cating the presence of traces of nitrocellulose, as the brownish red product 
which js formed in large quantities imbeds the fibres, so 'that in the 
first treatment a fe®' fibres escape the action of the mixture. If, therefore, 
only traces of unattacked cellulose are present in the nitrocellulose 
under examination, or if it is desired to obtain very accurate results, 
the residue is subjected to a second treatment. The residue is subse- 
quently washed a few times* with alcohol to displace the water, then 
washed from the filter into a porcelain dish with the 50 c.c. of acetone- 
ethylate mixture which were set aside initially, again warmedfor about 
1 Z. angew . Cnem,, 1899, 12 , 473 * 
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into the tube r, and allowed to pass into the flask / by opening the 
pinch-cock g, care being taken that no air enters, a few cubic centimetres 
of water being added to wash in the remains of the hydrochloric acid, 
The cock g is then closed, the tube / brought under the burette and the 
flask heated. As soon as the pressure of the nitric oxide in the flask 
exceeds the external air-pressure, the rubber connecting lube becomes 
inflated ; the pinch-cock at // is then opened, and the contents of the 
flask boiled, with repeated shaking, until no more bubbles of nitric oxide 
are evolved and a crackling sound results from the distillation of hydro- 
chloric acid. The pinch-cock h is now closed, g opened, the burette 
brought down on to the rubber stopper in the bath re so as to make 
an. air-tight connection, and the cooling allowed to proceed until the 
water which passes out of the cylinder at e has the same temperature 
as that which enters it at d, as observed on the thermometers in the 
glass tube and in the tube c. If now the level of the liquid in the 
pressure tube be adjusted to that in the burette, the volume of nitric 
oxide can be read to within o-i c.c. and the nitrogen content calculate?! 
in the ordinary way. The sodium hydroxide solution in the bath is 
drawn off after use by a tube l into a vessel under the table. 

The ferrous chloride solution is prepared by dissolving iron nails in 
hydrochloric acid. The iron must be present in excess. When the 
evolution of hydrogen ceases, the solution is filtered whilst hot through a 
folded filter, and the filtrate acidified with a few drops of concentrated 
hydrochloric acid. The sodium hydroxide solution over which the gas 
is collected should have a sp. gr. of i-2i to 1-26, 

The results obtained with the Schultze-Ticmann apparatus are 
generally somewhat higher (about o-z per cent.) than those obtained 
with Lunge’s nitrometer. The modification of Kjcldahl’s method pro- 
posed by Chenel 1 has not come into use/ 

The nitrogen content is generally expressed as percentage of 
nitrogen ; in France, it is given in cubic centimetres of NO (reduced 
to o° and 760 mm.) per gram of nitrocellulose. One c.c. of NO 
corresponds to 00626 per cent, of nitrogen ; or, 1 per cent, of nitrogen 
corresponds to 15-98 cc.'NO. The highest,. nitrate of cellulose of the 
formula, C^H^NO^jjjOj,, should give 14-15 per cent, of N or 226-12 
c.c, of NO per gram ; a nitrocellulose of this composition has, however, 
never been obtained (Lunge). 

7. Determination of the Unnitrated Cellulose, — Five grams of dry 
nitrocellulose are boiled for half an hour with a saturated solution of 
sodium sulphide, allowed to stand for twenty-four hours, the solution 
decanted, then boiled again for half an hour with a fresh solution of 
sodium sulphide, the residue collected on a linen filter of known weight, 
washed frith hot, distilled water, until the filtrate gives no coloration 

1 Mimridl its Paudris ti Saijtftrts, vol viil t p* 45. 
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with lead acetate, then with dilute hydrochloric acid, and finally with 
water, until the filtrate gives no reaction with silver nitrate. The filter 
is dried, and the residue detached, and dried on a watch-glass at 50°. 
The weight of the dried filter minus the weight of the ash, which is 
determined by igniting the filter in a platinum crucible, gives the 
• weight of the unnitrated cellulose. 

In the United States, the nitrocellulose is boiled for thirty minutes 
with a solution of sodium stannate, allowed to stand for twenty-four 
hours, the liquid decanted, the residue boiled a second time, filtered on 
a weighed filter, and washed. It is then washed three or four times 
with 5 per cent, hydrochloric acid to remove metallic salts, finally with 
water until neutral, dried, and weighed. 

Lunge and Weintraub have proposed the following method for the 
determination of the unnitrated cellulose : 1 — From 2 to 3 g. of sodium 
are dissolved in 100 c.c. of alcohol (the proportions are given for about 
5 g. of nitrocellulose, for which 2 to 3 g. of sodium form a considerable 
excess), and if the liquid is not completely clear (owing to impurities 
in the sodium) it is filtered; 100 c.c. of acetone are then added to this 
solution. Of the 200 c.c. thus obtained, 50 c.c. are sot apart for subse- 
quent use (cf. infra ), the remaining 150 c.c. are transferred to a porcelain 
dish or Erlenmeyer flask, and the weighed quantity of nitrocellulose 
added. The action is assisted by warming on the water-bath to 40° to 
50°, with occasional stirring or shaking ; after twenty to thirty minutes 
the reaction is complete. The residue is allowed to subside and the 
brownish red liquid decanted through a small filter; the residue is 
moistened with alcohol to remove traces of products resulting from 
the action of the sodium ethylate upon the acetone, the alcohol decanted, 
and the residue treated with water, which dissolves the brown substance. 
The liquid is filtered, the residue brought on to the filter, and well 
washed with hot water containing some hydrochloric acid. If the 
quantity of unattacked cellulose is considerable, and if extreme accuracy 
is not essential, this first estimation is sufficient. The residual cellulose 
should evolve no gas in the nitrometer, if the reaction has been properly 
carried out, but should still show a strong diphenylamine reaction, indi- 
cating the presence of traces of nitrocellulose, as the brownish red product 
which is formed in large quantities imbeds the fibres, so 'that in the 
first treatment a fg^ fibres escape the action of the mixture. If, therefore, 
only traces of unattacked cellulose are present in the nitrocellulose 
under examination, or if it is desired to obtain very accurate results, 
the residue is subjected to a second treatment. The residue is subse- 
quently washed a few times* with alcohol to displace the water, then 
washed from the filter into a porcelain dish with the 50 c.c. of acetone- 
ethylate mixture which were set aside initially, again warmechfor about 
1 Z . angew . C/iem. y 1899 , 12 , 47 ^ 
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fifteen minutes to 40° to 50", filtered through a filter which has previously 
been dried at ioo° and weighed, washed, first with pure water, then with 
water containing some hydrochloric acid, and finally again with pure 
water, and dried at ioo" and weighed. 

The cellulose obtained is almost colourless in the moist state with 
a scarcely perceptible tinge of yellow; any more intense coloration is a 
sign that the analysis has not been correctly carried t>ut. If 01 mg. of 
bleaching powder in water containing hydrochloric acid be brought on 
to the filter paper, the coloration is destroyed and a snow-white cellulose 
obtained. A 1 to 3 per cent, solution of hydrochloric acid is used for 
this treatment, 2 mg. of bleaching powder per 100 c.c. added, and the 
cellulose moistened with 5 c.c. of this mixture ; the cellulose is then 
washed with water until the filtrate is no longer acid. If the nitro- 
cellulose contains only small quantities of cellulose (1 to 2 per cent.) 
the warming with the acetone-ethylate mixture may be dispensed with* 
for the fiist treatment ten to fifteen minutes* standing suffices, but in 
such cases, the subsequent treatment is, as pointed out, necessary,* 
Also, in cases where much cellulose Is present, three to four hours’ stand- 
ing at the ordinary temperature maybe substituted for the warming* 
the warming is, however, essential in the subsequent treatment 

8 . Soluble Nitrocellulose . — The English specification is as follows:— 
Exactly 50 grains (3-24 g.) of guncotton are brought into a glass 
cylinder of 200 c.c. capacity, covered with 150 c.c. of ether-alcohol and 
allowed to digest for six hours with frequent shaking, after which the 
mixture is allowed to settle. As soon as the liquid above the guncotton 
is clear, 75 c.c. of the solution are brought into a small, weighed flask 
the greater part of the solvent removed by distillation on the water- 
bath, and the residue dried to constant wcigfyt in a water-oven at a 

temperature not exceeding 120 0 P'. (so A C.) 

. weight of the (extracted, soluble guncotton, multiplied by 4 
gives the percentage of soluble guncotton in the sample. 

The method of extracting with ether-alcohol, hitherto used in 
Germany, Italy, America, etc., gives very inaccurate results. 

In the United States, 1 .3 g. of guncotton are allowed to digest for 
thirty minutes with 50 c.c, of absolute alcohol in a graduated cylinder 
of 150 c.c. Capacity, 100 cx. of pure ether added, and the cylinder 
frequently shaken for twelve hours. After allowing to settle, 50 c.c, 
of the solution are evaporated to dryness in a platinum crucible, and 
the, residue taken as soluble guncotton. As a check method, a second 
quantity of 50 cc. is taken, the nitrocellulose precipitated with chloro- * 
form and filtered through a weighed - filter. The precipitate is 
redissolved m a mixture of one part of alcohol and two parts of ether, 
again precipitated with chloroform, dried, and weighed. 

1 W. J. Williams, y. Frankl. Jnst., 1899, 147 [ 3 ], m \ /. Soc, CAm, jW., 1899, i$, S a6. 
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■ * An addition of Mercuric chloride to guncotton preparations was 
practised formerly in order to prevent the formation of mould. Since 
this addition masks the stability test (No. 4, p. 518), its use has led to 
the rejection of explosives containing mercuric chloride. 

A variety of methods have been proposed for the detection of the 
* contained mercury; as the quantities added are extremely small (1 
part of mercuric chloride per 10,000 suffices to prolong the stability- 
test by twenty minutes), very sensitive methods are of necessity required 
for its detection. In Great Britain the method adopted is to heat the 
sample and examine the spark spectrum of the evolved vapours. In 
Germany, the sample is heated in a test tube and the vapours allowed to 
act on a piece of gold foil, when the presence of mercury is shown by 
the formation of spots of the amalgam with the gold, This test, which 
is due to W. R. Hodgkinson, can be made approximately quantitative. 

III.— Nitroglycerine and Dynamite 

% 

Nitroglycerine. 

Nitroglycerine seldom comes into commerce as su2h; at most, it is 
sometimes met with in alcoholic or acetone solution. The examination 
of nitroglycerine itself is, therefore, only necessary in works’ laboratories 
If it is mixed with a" solvent, it should be washed with water and 
filtered through well-dried salt. The moisture is determined by drying 
in an exsiccator over calcium chloride ( 'not sulphuric acid). 

Nitroglycerine must be tested for acids and alkalis. For this 
purpose a sample is treated with distilled water in a separating funnel, 
well shaken and separated; the addition of a few drops of methyl 
orange or Congo red shows whether the nitroglycerine is neutral j one to 
two drops of N/ 4 hydrochloric acid should at once give the colour 
change. The nitrogen content is determined with Lunge’s nitrometer ; 
if the nitroglycerine is pure and dry, the theoretical percentage (18-51) 
is found. The nitroglycerine is further tested for stability. In England, 
nitroglycerine for the manufacture of cordite must withstand the heat 
test for eighteen minutes # at 180 0 F. (82 °*2 G). 

Dynamite containing Nitroglycerine simply Absorbed and not 
** Gelatinised, 

(a) Qualitative Examination . 1 

The sample is treated w^th dry ether and the residual oil tested by 
collecting a drop on a piece of filter paper and striking it on an anvil. 
If the oil be dissolved in alcohol and treated with a solution of ammonium 

l Cf Hess, Mitt % des h n £< Milit&rkomitees, 1881, 
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sulphide in alcohol, a polysulphide is first formed and finally sulphur* 
separates out. If a drop of the oil be added to a solution of ferrous 
sulphate containing hydrochloric add and warmed, the nitric oxide . 
reaction is obtained. If a drop of the nitroglycerine be added to a 
solution of potassium iodide and starch acidified with dilute sulphuric acid 
and containing a small quantity of zinc filings, the liquid becomes blue. * 
If the oily residue is evidently homogeneous, has a sprgr. of 1-6 and has 
no definite smell, it may be considered as containing only nitroglycerine. 

If impure ether was used the impurities will be found in the residue. 

If more than traces of sulphur, paraffin, or resin are present they separate 
out from the nitroglycerine. To test for these impurities, some of the 
substance which has separated out is collected and pressed between filter 
paper. The sulphur separates out in the form of crystals, and can be 
recognised in this way, as also by the smell, and the flame which It gives 
on ignition. If the extract, after freeing from ether, be treated with cold 
alcohol, paraffin remains behind. Any resin which is present can be 
saponified by boiling with sodium carbonate solution, and again isolated* 
from the soap by precipitation with hydrochloric acid If all three 
substances are simultaneously present in dynamite, the nitroglycerine is 
first decanted, and the residue carefully pressed between filter paper. 
The resin is then separated by boiling with sodium carbonate solution 
the residue washed and dried, and part of it treated with aqua regia to 
convert any sulphur present to sulphuric acid, in which form it is 
detected by precipitation as barium sulphate; a second portion is boiled 
with ammonium sulphide, which dissolves out the sulphur, forming 
ammonium polysulphide. On cooling, the paraffin floats as a crust on 
the liquid; it is washed, dried, and further tested. The residue from 
the extraction with ether is afterwards examined, first microscopically 
for the detection of kieselguhr, wood gieal, and charcoal, by the 
structure and colour. Brown coal and ordinary coal are distinguished 
by the nature of the products of their dry distillation (brown coal gives 
acetic acid or ammonium acetate) ; if the residue is incinerated, any 
other mineral matter present is found, together with the ash from the 
coal, and is subjected to analysis by the usual methods. 

*> ( b ) Quantitative Examination. 

Two methods are in use. Either a weighed quantity of dynamite is 
introduced into a dried and weighed linen filter in a funnel, and extracted 
by repeated treatment with ether, or a weighed quantity is digested with 
ether in an Erlenmeyer flask, with frequent shaking, the whole filtered 
on a linen filter, washed several times with 'tether, and the ether extract 
evaporated at 40° in a weighed beaker on a water-bath; from the 
moment \jhen the extract becomes turbid it must be watched, and as 
✓soon as the turbidity disappears, the beaker is placed under a bell-jar 
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r over calcium chloride, and the jar evacuated to free it from the last 
traces of ether and moisture. 

If paraffin, resin, sulphur, or other such substances are present in 
the dynamite, as well as nitroglycerine, the extract which has been freed 
from ether, as above, is weighed, after drying, and heated with sodium 
carbonate solution on the water-bath. The resin passes into solution 
and may be separated from the other substances by decanting and 
washing with distilled water; the resin is then precipitated in this 
solution by hydrochloric acid, collected on a filter paper previously dried 
at ioo°, and washed, dried, and weighed. 

In the residue from this operation, the nitroglycerine is dissolved in 
strong alcohol, the solution decanted, and the residual mixture of 
paraffin and sulphur washed with strong alcohol, dried, and weighed. 
In order to separate the sulphur from the paraffin, the mixture is 
warmed with an aqueous solution of ammonium sulphide, allowed to 
cool, the paraffin la)rer pierced, the liquid decanted, and the residual 
♦ paraffin washed with water, dried, and weighed. The quantity of 
nitroglycerine and of sulphur is found by the differences. 

The residue from the extraction, so far as it consists of substances 
which are unaffected by heating, is dried in a current of dry air at 6o° 
and weighed, then incinerated, and weighed again after cooling, in 
order to ascertain from the difference whether any traces of organic 
compounds were present in the residue. If, however, it contains other 
substances, the residue is first dried on a filter and weighed, then 
treated with hot, distilled water, the solution evaporated, dried at 120°, 
and the residue weighed. If carbonates are present but no chlorates, 
the extract is redissolved in water, neutralised with nitric acid, 
evaporated on a water-bath, dried at 120 0 , and weighed. The carbonates 
are thus converted to nitrates, without affecting any organic substances 
present in the extract, and from the difference of the last two weights, 
the quantity of carbonic acid present is calculated. The dry mass is 
then ignited, moistened with nitric acid after cooling, freed from the 
acid, again ignited, and finally weighed, after cooling. All the salts 
soluble in water are then present as nitrates, but the organic matter is 
destroyed. The difference between the two last weights gives the 
quantity of organic matter extracted. 

If chlorates^re also present in the aqueous extract, the carbonic 
acid must be determined by precipitation with calcium nitrate, as 
calcium carbonate, and the chlorate must be determined in a portion of 
the solution by evaporating, igniting, and precipitating with silver 
nitrate. The quantity of nftrate is determined in a second portion of 
the extract by conversion into ammonia. The residue from the extraction 
with water can only contain charcoal or similar organic substances, and 
insoluble absorbent materials. The organjc matter is removed by* 
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ignition, and the residue weighed, after cooling; the weight of the 
insoluble mineral matter is thus® obtained. If several absorbent 
substances are believed to be present simultaneously, they may be 
determined by the usual methods of analysis in the residue. If several 
organic absorbent substances are present, their quantities can only be 
estimated approximately by elementary organic analysis. 

Dynamite is further tested for stability by the heat*tcst, and also by 
alternately freezing and thawing three times successively, and by 
exposing the sample for eight days and nights at a temperature of 30 ° 
and observing whether any exudation of nitroglycerine .occurs. The 
tendency to absorb water and possibly to separate out nitroglycerine is 
tested by exposing the dynamite over a vessel containing water under a 
bell-jar for twenty-four hours. 

Blasting Gelatine and Gelatine Dynamite. 

Hess gave the following procedure, which is still in general use : — 

(a) Qualitative Examination. 

A section is cut from the middle of the cartridge, as finely as 
possible, in the form of small cubes, with a knife of horn or wood, and 
treated with a mixture of two parts of anhydrous ether and one part 
of anhydrous alcohol in a small flask. In this way nitroglycerine," 
collodion cotton, and any admixtures of camphor, resin, paraffin, and 
sulphur pass into solution. The extract is treated with excess of 
chloroform which precipitates the collodion, the supernatant liquid 
decanted, and the residue pressed between filter paper. The precipi- 
tated collodion cotton is recognised by its inflammability, by its 
explosibility when struck with a hammer on. an anvil, and by its 
behaviour towards sodium sulphide solution, in which it dissolves on 
boiling. On boiling with ferrous chloride it should give the nitric 
oxide reaction. The decanted liquid is heated to 30 ", whereby the 
bulk of the ether, alcohol, and chloroform is evaporated off, the 
temperature then raised to 8 o° in order to remove these liquids 
completely, and the residue treated as described under dynamite. 
If the presence of trinitrocellulose be suspected in the residue after 
the removal <5F chlorates and nitrates, it may be recognised : — 

1. By observation under the microscope in polar ise^Jight. Trinitro- 
cellulose gives a blue colour whilst unnitrated cellulose has a reddish 
yellojv colour. 

2. By boiling the residue with hydrochloric acid and ferrous 
sulphate, which evolve nitric oxide from trinitrocellulose. 

3. By boiling the residue with alcoholic potassium hydroxide and 
loitering. If the filtrate be rendered faintly acid, free nitric or nitrous 

can be detected. . 
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(6) Quantitative Examination. 

A sample is prepared, cut into small cubes with a horn spatula, and 
allowed to stand for five to six days in an exsiccator over calcium 
chloride for the determination of the moisture. 

The best means of separating the nitroglycerine and the collodion 
cotton from the gelatinous explosive is by treatment with ether-alcohol. 
Hess proposed Soxhlet’s extraction apparatus for this purpose. It has 
been found, however, that in order to dissolve the nitric esters com- 
pletely even -from a few grams of explosives, the extract must be 
syphoned off at least fifty times, which requires about twenty-four 
hours. Notwithstanding all precautions a loss of nitroglycerine by 
evaporation can scarcely be avoided. This method has recently fallen 
into disuse, and the explosive (5 g.) is simply placed in a small 
Erlenmeyer flask, 200 c.c. of ether-alcohol added, and the whole 
allowed to stand for a few hours with frequent shaking, or allowed to 
•remain overnight. The solution is treated with excess of chloroform, 
the residual mixture filtered through a dried and weighed linen filter, 
and the ether-alcohol evaporated off from the filtrate on a water-bath 
at about 30° ; if camphor is present, the residue is shaken with carbon 
bisulphide. The ether-alcohol extract may also be filtered directly 
and the nitrocellulose precipitated in the filtrate by chloroform, but this 
method is inaccurate on account of the gelatinous nature of the 
solution. 

The residue on the filter may still contain nitrocellulose, and also 
admixtures. It is dried at 6o° in a current of air and weighed, and then 
treated, as described under dynamite, for the determination of soluble 
salts (saltpetre, chlorates, etc.) and organic extract. A part of the 
residue is then boiled with a concentrated solution of sodium sulphide, 
which] dissolves the trinitrocellulose, the solution filtered through a 
weighed filter, and the residue carefully washed with water, dried, and 
weighed. The quantity of trinitrocellulose is calculated from the loss 
of weight. Any calcium or magnesium carbonate present is extracted 
from a further portion of the residue with dilute hydrochloric acid, and 
the bases determined fn the extract, whilst the washed, dried, and 
weighed residue contains organic and mineral absorbent materials ; the 
latter are determined by incineration. Since the extraction of mtrte- 
ester compounds from gelatine dynamite never gives quite accurate 
results, and the determination of “ dope ” (absorbing powder) is more 
conveniently carried out with larger quantities of the sample, it is 
advantageous to prepare a large quantity of the powder and to take 
aliquot parts for the determination of the several ingredients. In this 
way greater accuracy is attained and the analysis requires much less 
time. 
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Scheiding proposes treating the blasting gelatine first with ether'* 
alone, whereby the nitroglycerine Is removed The nitrate is then 
extracted with boiling water, and the nitrocellulose separated from the 
residue with cold ethyl acetate. If the quantity of trinitroccllulose is to 
be determined, he recommends extracting first with ether-alcohol and 
then with ethyl acetate. 

* 

Explosives containing Aromatic Hydrocarbons. 

These are generally examined by the method given for gelatinised 
dynamite. The nitrated hydrocarbon is first extracted by a suitable 
solvent and the admixtures then determined in the usual way. 

• * 

Destruction of Samples. 

The destruction of samples of dynamite, guncotton, etc., is best. , 
effected, as suggested by Dupre, by placing them in the open in long 
rooms, pouring on petroleum and burning, care being taken that the 
wind blows the flames away from the samples. 

rv.— Picric Acid and Picrates 

The examination of picric acid includes first the estimation of the 
pure picric acid, which is best determined from the nitrogen .content,*' 
which should be 18-35 per cent. This cannot be carried out in the nitro- 
meter; the Schulze-T ieman n method or that of Kjeldahl is used. W. 

J. Williams 1 has adapted Kjcldahl’s method for the analysis as follows 

One-half gram of the finely powdered sample is brought into a 
long-necked Kjeldahl digestion flask, 30 c.c. of concentrated sulphuric 
acid containing 2 g. of salicylic acid, free from nitrogen, poured on, and 
the whole allowed to stand until the powder has completely dissolved, 
which frequently requires many hours. When complete solution has 
been effected, 5 g. of crystallised sodium thiosulphate are gradually 
added, and the whole slowly warmed until the violent reaction and 
frothing have ceased. A drop of metallic mercury is then added, and 
the solution boiled vigoroiysly until the colour is pale amber yellow. 

In the case of smokeless powders containing picric add, four to five 
hours are frequently necessary. Finally, a little potassium permangan- 
aie-'b added to complete the oxidation ; this can be greatly accelerated 
by adding 5 to 10 g. of powdered potassium sulphate, about fifteen 
minutes after the commencement of the boiling. When the oxidation 
is complete, the flask is allowed to cool, its contents transferred to a 
distillation flask, together with 200 c.c. off water and some zinc or 
platinum to prevent bumping, potassium sulphide solution added to 
decompose jnercury compounds, and then sufficient potassium hydroxide 

*"■ 1 J - pibnklin Inst ,, 1899, 147, 306. 
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to render the liquid alkaline. The solution is then boiled and the 
distillate collected in N / 2 acid and titrated with Njio ammonia. 

The melting point is also determined by one of the usual methods ; 
pure picric acid melts at I22°*5. The moisture is determined in the 
usual way, the mineral matter by ignition in an open dish, and the 
sulphuric acid by careful washing with water and titration. Further, 
10 g, of picric acid are boiled with 150 c.c. of water for ten minutes, and 
the insoluble matter filtered off, dried at 70°, and weighed. Finally, the 
stability is determined by the heat test. 

The requirements for good picric acid are that it shall not contain 
more than 0*3 per cent, of moisture, 0*3 per cent, of mineral matter, 0*2 
per cent, of free and combined sulphuric acid, and 0-2 per cent, of 
insoluble matter: For the heat test, the limit in England is thirty 
minutes at 160° F. (7i°«i G). In analysing ungelatinised preparations 
containing picric acid, the picric acid is extracted with ether, and the 
residue examined in % the usual way. 

In Italy picric acid is tested as follows : — 

Moisture . — Ten grams of picric acid are heated to 8o° to 85° for 
two hours. The alteration in weight must not exceed 0-25 per cent. 

Solidifying point . — A test tube is heated in a glycerine bath and a 
quantity of picric acid melted in it sufficient to cover the bulb of a 
thermometer by 2 cm. The picric acid is then allowed to cool, being 
stirred at the same time with the thermometer. The temperature is 
read at the moment when the picric acid solidifies ; the solidifying point 
must not be below 120°. 

Agglomeration . — Five grams of picric acid are heated for an hour 
in a Victor Meyer bath over boiling water and must not show any signs 
of caking together. • 

Residue insoluble in Water \ — Four grams of picric acid are boiled 
for two minutes with 100 c.c. of water, the insoluble residue collected on 
a weighed filter and dried to constant weight. The residue must not 
exceed 01 per cent. 

Residtie insoluble m Ether . — The same procedure is followed as above, 
but with 20 g. of picric acid ; the residue must not exceed o-2 per cent. 

Ash .—' The filter with the ether residue is ignited and weighed. 

Sulphuric acid . — The aqueous solution from the determination of 
tfie residue is fluted to 300 c.c. and divided into three part£ ""OlK- 
third is poured into barium chloride solution; if no turbidity results 
after fifteen minutes, the experiment is repeated with 10 g. ofjjicric 
acid. The sulphuric acid content must not exceed 0*05 per cent. 

Chlorine . — Another third of the above solution is treated with silver 
nitrate and must not give a precipitate. 

Oxalic acid . — The third portion is treated with ammonia, acetic acid, 
and calcium chloride, and rritist likewise give no precipitate. 
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V.— Smokeless Powder 

No generally accepted method can as yet be given for the testing 
of' smokeless powders, as special methods are specified by the various 
Governments in almost every country, and further, the composition of 
the products varies greatly. 

Preparation of the Sample . — In all methods of analysis it is of 
importance to grind the powder as a preliminary operation. This is 
best done in a mill similar to a coffee mill, with a steel grinding cone. 
The mill must be put together in such a way that all the parts can be 

readily removed by loosening a few screws, for 
the purpose of cleaning. In order to guard 
against contamination of the powder from the 
mill, a small quantity of the powder is first ^ 
passed through and discarded. The sample 
subsequently collected is passed through a sieve 
and only the portion collected between two 
sieves is used for the analysis. As an extra 
precaution, the powder may be brought into 
the field of a strong magnet, in case any 
particles of iron may have found their way 
into it from the mill. The powder is then 
placed in an exsiccator until its weight is con- 
stant, and a further aliquot part is dried at Co 5 
to 70' to remove all the solvent In the case 
of powders containing nitroglycerine the drying 
should not be prolonged beyond an hour at 
Co", as nitroglycerine 'is otherwise lost by 
evaporation. 

Moisture. — L. W. Dupre was the first to 
devise a method for the determination of the 
moisture in powders containing nitroglycerine. 
This was improved by A. Marshall and sub- 
sequently introduced iq. the Royal Gunpowder 
Factory at Waltham Abbey. The term 

"moisture" indicates all ingredients which are 
removed from the powder warming; the 
nitroglycerine is, however, completely condensed, and thus only the 
wages' and solvent are removed. The apparatus used for this 
purpose (Fig. 74) consists of an aluminium dish, A, of the dimen- 
sions given, and a conical glass cover, B, which must not weigh 
more than 30 g. The powder is prepared for the determination 
in the maimer described later for the heat test (p. 518). Five 
grams of the powder retained between the two sieves are weighed 
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out into the dish, the dish covered with the cone B, the whole 
accurately weighed, and then brought on to an iron plate, which 
rests on a water-bath and is heated by the steam. The heating^ is 
more prolonged, the more nitrocellulose the powder contains ; e.g. y for 
cordite containing 3 7 per cent, one hour ; for cordite containing 65 per 
cent, two hour,s # are necessary, assuming that the moisture does not 
exceed 1*3 per cent. After heating, the apparatus is allowed to cool 
in an exsiccator for half an hour and weighed. The glass cone must 
not fit tightly, and for this reason the rim of the aluminium dish is 
somewhat bent in order to allow the water and acetone vapour- to 
escape ; the nitroglycerine is deposited completely on the glass cone. 

For all further estimations, the powder must be brought „into 
solution. This is : best effected with acetone, and if the solution be 
then strongly diluted with water, the presence of nitrocellulose, 

* nitroglycerine, and other ingredients may be qualitatively detected as 
described under gelatine dynamite. 

Quantitative Analysis. 

It is generally advantageous to effect the solution of the sample 
step by step. For instance, if the powder contains nitroglycerine, 
nitrobenzene, nitrotoluene, or other similar compounds, the nitro- 
glycerine, etc., is extracted with ether by treating a weighed quantity 
in a Soxhlet extractor, or better, in a small Erlenmeyer flask with 
frequent shaking, until complete solution has taken place, filtering and 
washing repeatedly with ether. The soluble nitrocellulose is determined 
In the residue by extracting with ether-alcohol, and the insoluble 
portion is used for the determination of the insoluble nitrocellulose and 
unnitrated cellulose. The analysis can, of course, be accelerated, and 
under some circumstances better results can be attained by using 
aliquot parts for the determination of the different ingredients. Pure 
nitrocellulose powder is examined in the same way as guncotton. The 
nitrogen content is determined in the nitrometer, and it is advantageous 
to make use of the syphon tube described by Lunge (Vol. I., p. 136, 
Fig. 44), as smokeless powder only dissolves*slowly in sulphuric acid. 1 

VI —Mercury Fulminate . ^ 

Mercury fulminate is seldom used alone, being usually mixed with 
nitre, sulphur, potassium chlorate, or meal powder. If the com- 
position is loaded into caps, it is carefully loosened from tlje copper • 
case by gentle pressure \^ith a pair of flat pincers. As a pre- 
caution, the right hand, by which alone the operation is carried out, 
should be well wrapped in a cloth, the pincers and cap being covered 

1 Cf. also E. Berl and A. W. Jurissen, Z angew. C/iem+ l9lO t 23, 241 ; J Soc. Chem, Ind+ 
1910, 29, 374. # 



512 


EXPLOSIVES 


with several thicknesses of the end of the cloth, and the opening of 
the cap should be held downwards so that the loosened fulminating 
mixture drops out at once. The mercury fulminate is examined by. 
dissolving in ammonia at 30° to 35°, and the ingredients of the residue 
then detected and determined separately by the method given under 
black powder (pp. 495 et seq .). 

H. Brownsdon 1 has described a volumetric method for the deter- 
mination of mercury fulminate, based on the observation that this com- 
pound is decomposed by sodium thiosulphate with liberation of alkali, 
which is titrated with Njio sulphuric acid, using methyl orange as indi- 
cator. The solution is standardised by pure mercury fulminate, which 
is obtained from the commercial product by dissolving in potassium 
cyanide, precipitating with dilute nitric acid, filtering, washing, and 
drying at 8o° to go°. Of this 0-04 to 0-03 g. is dissolved in 30 c.c. of 
water, about 1 g. of thiosulphate added, shaken until dissolved, diluted 
to 100 c.c. and titrated with the acid in portiqns of 25 c.c. until the 
methyl orange changes colour. In this way the quantity of acid ft 
ascertained which corresponds to a given weight of fulminate, and the 
same acid is then used for the determination of mercury fulminate in 
caps, proceeding as above, but never using more than a quantity which 
corresponds to 0-05 g. of fulminate ; the solution obtained by treatment 
with thiosulphate is freed from antimony sulphide by filtering at once 
through a dry filter paper, and is then titrated as above. 

The separation and determination of antimony sulphide and of 
potassium chlorate in cap compositions is effected by simply dissolv- 
ing out the potassium chlorate. 

Other nitro-compounds contained in cap compositions are detected by 
the methods applicable to the specific substances as severally described. 

C. STABILITY TESTS AND HEAT TESTS 

In most countries it is prescribed that explosives shall be tested as 
regards their tendency to decompose on heating. Test papers prepared 
with potassium iodide afnd starch are almost universally used to 
indicate th^ evolution of nitrous acid evolved ; in Germany, zinc iodide 
is use d. The test is carried out as follows, according to the British 
"specifications. * 

I. General Instructions 

Apparatus required. — 1. A water-bath, consisting of a spherical 
glass or copper vessel, A (Fig. 75), of abofit 8 in. diameter and with an 
aperture of about 5 in. ; the bath is filled to within $ in. of the edge. It 
has a loose cover, B, of sheet copper, about 6 in. in diameter, and rests 

- r GJiem. News, 1904, 89, 303. 
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a tripod-stand, C, about 14 in. high, which is covered with a coarse 
iron wire gauze, E, and is surrounded by a screen of thin sheet tin or 
copper, D ; an Argand burner, F, with glass chimney is placed below the 
screen. The cover B has four holes (Fig. j 6 d ) ; No. 4 is for the regulator, 
No. 3 for the thermometer, and Nos. 1 and 2 for the test tubes con- 
taining the guncotton or other materials to be tested. The thermo- 
regulator is now tlispensed with, as it is quite possible, to retain the 
temperature within i° with the Argand burner. The Argand burner 
and tripod-stand may also be replaced by an ordinary paraffin burner. 
On the under side of the cover round the holes 1 and 2, three pieces of 
brass wire with slightly converging points are soldered (Fig. j 6 b') ; these 



Fig. 75. * Fig. 77. 


act as springs, and allow the test tubes to be easily placed in position 
and removed. 

2* Scheibler’s or Page’s thermo-regulator (cf. ante). 

3. Two Leclanchd cells. 1 If Scheibler’s thermo- 

4. A few yards of instated copper wire, j regulator is used. 

5. Test tubes from si to 5 J in. long, and of such diameter that they 
will hold from 20 t Q 22 c.c. of water when filled to a height of 5 inr-^ ^ 

6. Rubber stoppers, fitting the test tubes and carrying an arrange- 
ment for holding the test paper, viz., a narrow glass tube passing 
through the centre of the stopper, drawn out so as to form a hook, or 
terminating in a platinum wtre hook (Fig. 77). 

7. A thermometer with range from 30° to 212 0 F. 

8AA minute clock. % 

Materials required, x. Test Paper. — The* test paper is prepared as- 
II - # 2 K 
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follows : — 45 grains (3 g.) of white maize starch (cornflour) previously 
washed with cold water, are added to 81- oz. (250 c.c.) of distilled 
water, the mixture stirred, heated to boiling, and kept gently boiling for 
ten minutes ; 15 grains (1 g.) of pure potassium iodide (/.£., which has been' 
recrystallised from alcohol) are dissolved in 8J- oz. (250 c.c.) of distilled 
water. The two solutions are thoroughly mixed and allowed to cool. 
Strips or sheets of white English filter paper, previously washed with 
distilled water and re-dried, are dipped into the solution thus prepared, 
and allowed to remain in it for not less than ten seconds ; they are then 
allowed to drain and dry in a place free from laboratory fumes and dust. 
The upper and lower margins of the strips or sheets are cut off, and 
the paper preserved in well-stoppered or corked bottles, in the dark. 
When a paper is freshly prepared, and as long as it femains in good 
condition, a drop of dilute acetic acid, placed on the paper with a glass 
rod, produces no coloration. In process of time, however, the stronger 
the light to which the paper is exposed, the sooner a drop of the acid 
produces a brown or bluish coloration (a single hour of direct sunlight 
produces a marked effect), and whenever this is the case the paper 
should be rejected- On this account it is advisable not to prepare too 
much of the test paper at one time, but to prepare it fresh every month 
or so. The dimensions of the pieces of test paper used are about 0-4 x 
o-8 in. (ro mm. x 20 mm.). 

2. Standard Tint Paper . — A solution of caramel in water is made 
up of such strength that when diluted one hundred times (10 c.c. made 
up to x litre) the tint of this diluted solution is equal to the tint 
produced by the Nessler test in 100 c.c. of water containing 0-000075 g- 
of ammonia or 0-000235 g. of ammonium chloride. With this caramel 
solution, lines are drawn on strips of white filter paper by means of a 
clean quill pen. The paper used must be carefully washed with 
distilled water in the first instance, to relhove any traces of bleaching 
matter, and dried. When the marks thus produced are dry, the paper 
is cut into pieces of the same size as the test paper, in such a way that 
each piece has a brown line across it near the middle of its length, ahd 
only such strips are preserved in which the brown line has a breadth 
varying from § to 1 mm. * j , , 

TT.— Testing Dynamite, Blasting Gelawnk, and other 

Explosives of the First Division of the Nitro-com pound 
Class, 

Dynamite, etc. — Nitroglycerine prepajations from which the nitro- 
glycerine can be extracted in the manner described below, must satisfy 
the following test, otherwise they will not be considered as manufactured 

. with “thoroughly purifiejl” nitroglycerine, within the terms of the 
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licence. This test, however, though at present looked upon as the 
most important as far as testing the purity of the nitroglycerine is 
concerned, is only one of several, which any given sample of nitro- 
glycerine preparation has to satisfy, in order to establish its compliance 
with the definition in the licence. Although this test is at present 
accepted as regulating and defining the meaning of the terms “thoroughly 
purified,” it may nevertheless be modified or superseded if, in the 
opinion of the Home Office such alteration may at any time be 
considered necessary. 

Apparatus required. — A. funnel of 2 in. diameter and a measuring 
cylinder divided into grains. 

Mode of Operation . — About 300 to 400 grains (20 to 25 g.) of 
dynamite, finel^divided, are placed in the funnel, which has previously 
been loosely plugged by some freshly ignited asbestos. The surface is 
smoothed by means of a flat-headed glass rod or stopper and some 
clean, washed and dried kieselguhr spread over it to the depth of about 
i in. Water is next carefully dropped from a wash-bottle upon this 
kieselguhr, and when the first portion has been soaked up, more is 
added. This is repeated until sufficient nitroglycerine has been collected 
in the graduated measure below. If any water should have passed 
through with the nitroglycerine it should be removed with a piece of 
blbtting paper, and the nitroglycerine, if necessary, filtered through a 
dry filter paper. 

Application of the Test . — The thermometer is fixed so as to be 
inserted through the lid of the water-bath (Fig. 75) into the water (which 
is to be steadily maintained at a temperature of 160° F.) to a depth of 
2f in. Fifty grains (3*24 g.) of the nitroglycerine to be tested are 
weighed into the test tube in such a way as not to soil the sides of the 
tube. A test paper is fixed on the hook of the glass rod (Fig. 77), so 
that when inserted into the tube it will be in a vertical position. A 
sufficient amount of a mixture of equal volumes of distilled water and 
glycerine to moisten the upper half of the paper is now applied to the 
upper edge of the test paper, by means of a camel’s hair pencil, the 
cork carrying the rod and paper fixed into the iest tube, and the position 
of the paper adjusted so that its lower edge is about half-way down the 
tube ; the latter is then inserted through one of the perforacions of the 
cover to such a-deptli that the lower margin of the moistened psvt of 
the paper is about £ of an inch above the surface of the cover. The 
test is complete when the faint brown line, which after a time makes^ 
its appearance at the line of boundary between the dry and moist 
paper, equals in tint the brown line of the standard tint paper. The 
nitroglycerine under examination will not be considered as “ thoroughly 
purified” within the terms of the licence unless the time necessary to 
produce the standard tint, as above describecUis at least fifteen minutes 
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In works’ laboratories where many tests arc to be carried out in thfc 
course of the day, it is usual to employ larger water-baths and to measure 
out the nitroglycerine with a pipette instead of weighing it. The. 
pipette holds 50 grains (3-240 g.) when filled to the mark, and the 
nitroglycerine is allowed to flow from it to the bottom of the test tube. 
The test paper must never be touched with the hand, since the slightest * 
trace of impurity influences the paper. It is, therefore, advisable to keep 
a large piece of cork, on to which the paper is transferred from the 
bottle with a pair of forceps. A hole is made in the paper with a 
second pair of forceps, and the glass hook inserted into this hole. 
The glycerine mixture is then brought on to the paper with a glass 
rod ; a very small drop is usually sufficient. ^ 

* Blasting Gelatine, Gelatine Dynamite, and Analogous Prepara- • 
tions. — Fifty grains (3-240 g.) of blasting gelatine are intimately 
incorporated with 100 grains (6-480 g.) of French chalk. This can be 
readily effected by carefully working the two materials together with 
a wooden pestle in a wooden mortar. The French chalk should be of 
good commercial quality, and after being carefully washed with distilled 
water and dried* in a water-oven, it should be exposed under a bell-jar 
to moist air until it has taken up about 0-5 per cent, of moisture. It 
should then be kept in a bottle for use ; with ordinary care die 
limit of 0-5 per cent, of moisture can be maintained. The mixture is 
introduced gradually into a test tube of the dimensions prescribed 
above for the dynamite heat test, with the aid of gentle tapping upon 
the table between the introduction of successive portions of the mixture 
into the tube, so that when the tube contains all the mixture it shall be 
filled to the extent of if in. of its height. The test paper is then 
inserted and the heat applied in the manner prescribed above for the 
dynamite heat test; the sample test .shall withstand exposure to 
160° F. for a period of ten minutes, before producing a discoloration 
of the test paper corresponding in tint to the standard colour test which 
is employed in the dynamite heat test. 

III. — Testing GuiTcotton, Sciiultze Gunpowder, K. 0 . 
Powder, %and other Explosives of the Second Division of 

THE, NlTRO-COMI’OUND CLASS 1 

Compressed Guncotton, Tonite, etc. — Sufficient material to serve 
Jor two or more tests is removed from the centre of the cartridge 
by gentle scraping, and, if necessary, further reduced by rubbing # 
between the fingers. The fine powder thus obtained is spread out in 
a thin layer upon a paper tray, 6 in-, by 4J in., which is then 
placed ijjside a water-oven, kept, as nearly as possible at 1 20'’ F. ^49° C.). 

1 Cf t R. Robertsoi^afcd B. J. Smart, J \ iSoe . Chem . /»<£, 1910, 29, 130. 
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The wire gauze shelves in the oven should be about 3 in. apart. 
The sample is allowed to remain for fifteen minutes in the oven, the 
door of which is left wide open. After the lapse of fifteen minutes, the 
tray is removed and exposed to the air of the room for two hours ; &t 
some time during this period the sample is rubbed upon the tray with 
the hand in order to reduce it to a fine and uniform state of sub- 
division. 

Application of the Test — The cover of the water-bath (Fig. 76) is 
fitted with the gas regulator which is inserted through the centre hole, 
No. 4, and the thermometer fixed in hole No. 3. The water in the bath 
is then heated to 170° F. (76°*6C)and the regulator set to maintain this 
temperature, twenty grains (1*296 g.) of the sample to be tested are 
weighed out, placed in the test tube, and gently pressed down until the 
specimen occupies a space of as nearly as possible 1^ in. (3*3 cm.) 
?n a test tube of the dimensions specified. A test paper is affixed to 
the hook of the glass £od or tube, and moistened by touching the upper 
£dge with a drop of distilled water containing 50 per cent, of Price’s 
glycerine (double distilled) ; the quantity of liquid used must be sufficient 
only to moisten about half of the paper. The cbrk carrying the 
rod and test paper is then fixed into the test tube, and the latter inserted 
i$to the bath to a depth of 2 \ in. measured from the cover, the 
regulator and thermometer being inserted to the same depth. The 
test paper is to be kept near the top of the test tube, but clear of the 
cork, until the tube has been immersed for about five minutes. A ring 
of moisture will be deposited after about this interval upon the sides 
of the test tube a little above the cover of the bath ; the glass rod must 
then be lowered until the lower margin of the moistened part is on a 
level with the bottom of the ring of moisture in the tube ; the paper is 
then closely watched. The test is completed when a very faint brown 
coloration makes its appearance at the boundary line between the dry 
and moist parts of the paper. The interval of time between the first 
insertion of the tube containing the sample of guncotton in the water 
at I70°F. (/6°*6 G), and the first appearance of discoloration on the 
paper constitutes the test, and this interval of time must be not less 
than ten minutes or tlie sample will not be accepted as properly 
purified. 

Sckultse Gunpfigufer, E. C. Powder , and Collodion Cotton. — A 
sufficient quantity of the sample, without further mechanical division, 
is dried in the oven as above, and then exposed for two hours to^the 
air. The test as directed above for compressed guncotton, etc., is 
then applied, the minimum* duration of the test being the same, viz., 
ten minutes. 
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IV. — Heat .Test for Cordite 
(Also for similar Smokeless Powders.) 

Pieces half an inch long are cut from one end of every stick selected 

■ .the test; in the case of the thicker cordites each piece so cut is 
•ther subdivided into about four portions (in the case of lamina; or 
bes, a similar subdivision is effected). These cut pieces are then 
ssed two or three times through a mill (a small cone mill), the first 
rtion of material which passes through being rejected 'on account of 
s possible presence of foreign matter from the mill. The ground 
iterial is then placed on the top sieve of a nest of tjjree sieves and 
ted. That portion which passes through the top sieve but is stopped 

■ the second is taken for the test. After each sample has been 
ound, the mill must be taken to pieces and carefully cleaned. 

Application of the Test. — Twenty-five grains (1/620 g.) of the cordite 
e introduced into the tube with gentle tapping. A test paper is 
:ed in position as described above and moistened with glycerine, 
le water in the Vater-bath (Fig. 75) is retained at a temperature of 
o°F. (82°-2 C.). The lower margin of the moistened portion of the 
.per should be approximately f- inch above the surface of the lid. Tly; 
own line on the test paper should not appear within fifteen minutes. 

The following method is prescribed in Germany for testing with 
ic iodide-starch paper 1 : — One gram of nitrocellulose containing at 
ost 0-5 per cent, of moisture, which is estimated in a separate sample 
r drying at 80°, is placed in a test tube 125 mm. high and 16 mm. 
de, and gently tapped so as to form a layer from 30 to 40 mm. in 
pth; the test tube is closed by a cork fitted with a glass rod, to 
e lower end of which a piece of platinum wire, bent in the form of a 
ok, is attached, which serves to carry the test paper. The paper is 
mm. wide, and 25 mm. long, and is suspended so that the lower 
ge is 20 mm. above the nitrocellulose; the lower half of the test 
per is moistened with a 1 : 10 glycerine solution. 

To carry out the test, the test tube is placed in a water-bath having 
iemperature of So”, to a depth of 90 mm., and the time noted that is 
quired for the appearance of a distinct blue or violet coloration at the 
■undSry line of the dry and moistened portiona-of the paper. No 
loration should be formed under ten minutes. 

The 2inc iodide-starch paper is prepared by grinding 4 g, of 
irch meal with a little water, and adding the turbid solution gradually 
a boiling solution of 20 g. of zinc chloricie in 100 c.c. of water. The 
lution is boiled until the starch is dissolved as completely as pqpsible 
d the whole is almost clear, the evaporated water being replaced 
1 Cf, Post, Ch*mi$ch*technische Analyse , vol, IL, p. 938. 
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from time to time; this takes about two hours. The solution is then 
diluted, 2 g of freshly prepared zinc iodide added, made up to a litre 
and filtered ; the filtrate forms an opalescent, almost perfectly clear 
liquid which remains colourless when kept in well-stoppered “bottles fln 
he dark; it should give no blue coloration when diluted with fifty 
times its volume of distilled water and acidified with dilute sulphuric 
acid (i : 3). The test papers are prepared by dipping pieces of Swedish 
filter paper into the solution for one minute, and drying in an atmos- 
phere free from acid fumes ; the papers are then cut to size and kept 
m the dark in glass-stoppered bottles. r 


Other Heat Tests 

. Guttmann has proved 1 that the iodide test is inapplicable to many 
smokeless powders and a number of other explosives because these 
contain ingredients which mask the test, by combining with the 
liberated iodine. For this reason he proposed the use of a solution of 
diphenylamine in sulphuric acid and glycerine, instead of potassium 
iodide ; this solution is prepared as follows : — o-ioo g. 5fpure, crystallised 
diphenylamine is added to So c.c. of dilute sulphuric acid (1:4), and 
warmed on a water-bath to 50° to 55° ; the diphenylamine melts at 
this temperature and dissolves in the dilute acid. After shaking 
several times, the flask is removed, cooled, and the solution preserved 
;n a closed vessel in the dark ; immediately before use, a small portion of 
:his solution (about 0-5 c.c.) is mixed with an equal volume of chemically 
sure glycerine. Tubes, 12 cm. in length and 22 to 23 mm. in diameter, are 
ised for the test, into which 6 g. of smokeless powder, or 3 g. of ungela- 
inised nitrocellulose are introduced, the latter being pressed down 
mtil it occupies a height of, about 25 mm. The test tube is closed as 
isual with a rubber stopper and glass rod, and strips of pure, thin 
ilter paper 40 mm. long and 10 mm. wide are attached to the rods 
n such a way that the lower ends are suspended about 20 mm. 
.bove the powder. The two upper corners of the paper strip are 
noistened, by means of a glass rod, with a very small quantity of 
he diphenylamine. solution, and the tube heated in the water-bath at 
temperature of 8o°. If the slightest trace of nitrous acid is evolved, 
lie moistened cor»wss become yellowish green, and as soon as a "distinct ' 
lue line is observed at the margin of the wet and dry portions of the 
aper, the test is complete and the number of minutes required notg^. 

>n further heating, the corners are coloured, first pure blue, then "slate * 
lue, and finally a dirty yellow brown. The materials under examina- 
on^nust be quite dry, i.e., on warming to 80° moisture must not be 
eposited on the glass in the upper part of the tube. If these* conditions 

1 g. angew. CAem., 1837, 10, 233, 267 ; J, Soc.'CJiem. Ind„ 1897, 16, 2Sj. * 
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are adhered to, this method gives thoroughly reliable results ; the test is* 
not affected by the usual additions to powder or guncotton ; only the 
presence of considerable quantities of diphcnylaminc in the powder , 
renders the reaction somewhat indistinct According to H. Ziegler, 1 
this test has been in use for three years in Switzerland and gives very 
reliable indications as to the quality of the nitrocellulose ; he has also 
pointed out that the keeping qualities of the indicator*are improved by 
mixing the glycerine with the diphenylamine immediately before use, 
which is the rational procedure in view of the action of sulphuric acid 
on glycerine, and that it is advantageous to increase the quantity of 
the sample originally specified in the test 

In consequence of certain precautions which must be observed with 
this*indicator, several criticisms and alterations, or similar tests, have 
been proposed. Thus Iioitsema 2 advocates heating the sample for a 
quarter of an hour and leading the gases evolved, by means of a' 
current of carbon dioxide, through a solution of diphenylamine five 
times as concentrated as the above. Spica 3 has recommended meta-‘ 
phenylenediamine, which had been also experimented with by 
Guttman, but rejected on account of its extreme sensitiveness. 

J. C. Thomas’ method 4 consists in heating 3 g. of the sample in a 
tube with a glass stopper, suspended in an oil-bath at ioo°, for eight hour.^ 
each day until red-brown fumes are observed; a good nitrocellulose 
powder should resist this treatment for at least three days. But, II. C. 
Aspinwall 5 has reported cases in which twenty-one days were necessary 
for the appearance of visible fumes ; the test is thus quite impracticable. 

A similar test, in which, however, the powder is judged by the loss 
of weight, is in use in the Frankford Arsenal in Philadelphia. One to 
four whole pieces of the powder are heated for eight hours on a watch- 
glass at 115°, and this repeated for six day. 1 ?, The daily loss should not 
exceed 1 per cent, before six days have elapsed ; after about eight days 
the rate of loss decreases ; with unstable powders the loss is much 
greater. The bath is heated with a mixture of xylene and toluene. 

Another test frequently used consists in heating to 135". Two and 
a half grams of the sample are introduced into a tube 320 mm. long 
and having an internal diameter of 15 mm. and an external diameter 
of 18 mm., in*which a strip of blue litmus paper is placed at a distance 
•of 13 mm. from the explosive. The glass tube is Ijjzfetly closed with a 
stopper, and the oil-bath covered with a lid in which are fixed a 
number of copper tubes closed at their lower ends. This bath is filled 
''with 7«.-xylene and connected with a condenser ; since the boiling point 
of the xylene is 135° the temperature is thusf'kept constant. The glass 

1 Private communication to Mr Guttmann. ® Z. angetv. Chtm n *899, I 2 t 70^ 

3 Ibid, 19CK*, 13, 543. 4 Ibid, 1898, II, 1027 ; /. Soc ; Chnn. I ml, 1899, * 3 , 174* 

* 8 /. Soc. Chem. fnd* } 1902, 21, * 
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"tubes are allowed to rest in the copper tubes and are thus heated. The 
time is noted at which the litmus paper becomes red, then the 
. appeal ance of red fumes is observed, and finally the explosion of the 
sample. According to Sy, 1 the times prescribed by the ’American 
Government are as follows : — 

Reddening 

of Litmus Paper. Red Fumes. Explosion. 

Nitrocellulose . . 30 min. 45 min. 5 hours. 

Nitrocellulose powder . r hr. 15 min. 2 hr. o min. 5 hours. 

Nitroglycerine powder . 30 min. 45 min. ,5 hours.' 

1 

In order that reliable results may be obtained, it is necessary that 
the litmus pamper be always uniform in quality and sensitiveness, 
and in America it is, therefore, obtained always from the same -firm 
(Eimer & Amend, New York). 

• A similai test is in use in Austria and in Holland, in which the 
sample of explosive is enclosed in loosely stoppered weighing bottles, 
*tnd heated for eight clays at temperatures between ioo° and 135°, the 
time being observed when red-brown fumes appear. 

The Vieille test used in France is similar. An air oven is heated 
with glycerine, and the sample of 10 g. of explosive placed in a glass 
tube into the upper part of which a scroll of litmus paper is inserted. 
'the heating is carried out at no 0 . The time is noted at which the 
paper becomes violet, bluish red, rose-coloured, and distinctly red. 

A quantitative stability test has been devised by W. Will, 2 which 
consists in heating 2*5 g. of dry nitrocellulose in a glass tube with a 
ground outlet tube, at 135° in an oil-bath, and passing a slow, regular 
current of pure, dry carbon dioxide through the tube. The resultant 
gases, containing nitrogen, are thereby continuously removed and are 
passed over ignited copper to reduce them to nitrogen. This is 
collected in a graduated 'U-tube, the volumes being read at 
stated intervals. A curve of the course of the decomposition 
is obtained by taking the times as ordinates and the quantities of 
nitrogen evolved as abscissas. Well-purified nitrocelluloses give a 
perfectly regular curve. 

Bergmann and Junk ^ have published a method worked out by them 
in the laboratories of the Prussian War Office which depends upon the 
liberation of nitri^ oxide. Glass tubes, to which are attached small 
absorption tubes halt filled with water, are placed inside thick-walled 
brass tubes which dip into a bath of amyl alcohol. Two grams of 
nitrocellulose containing not more than 1 per cent, of moisture* are * 
introduced, the temperature*maintained at 132 0 , and the tubes removed 

after two hours ; in consequence of the cooling, the water rises in the 

• 

1 f. Amer> Chem. Soc 1903, 25, 534. 2 Z. angew . Ghent . , 190^ 14, 746. 

3 Z. angew. Chem 1904, 17, 982 ; 1^06, 19, 2105. * 

• • 
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absorption tube and enters the cheating tube, thereby soaking the 
explosive. The absorption tube is then rinsed out, the contents of 
the heating tube filtered, I c.c. of Njz potassium permanganate added ■ 
toVixidi.se* all lower oxides of nitrogen to nitric acid, and the nitrogen 
content of the filtrate determined by the Schultzc-Ticmann (Schldsing) 
method. Good nitrocelluloses should not give mor^ than 2-5 c.c. of 
nitric oxide. 

A manometric test has been proposed by Obermuller, and a test 
depending on the measurement of the vapour tension by Dupre. 

All the above stability tests are more or less open to criticism. 
The so-called heat tests are always, in a sense, empirical, and show 
chiefly whether an explosive contains impurities which >re so unstable 
that they undergo decomposition more or less quickly. The quantity 
of these products may be very small, and an explosive may, notwith-^ 
standing their presence, be perfectly safe for storage, even although the 
heat test would indicate that insufficient care has been exercised in 
the purification. On the other hand, the tests which depend upon the'' 
heating to ioo 0 -I35° are well adapted to show the keeping properties 
of an explosive ufider abnormal conditions, but give no indication of 
the amount of care used in the manufacture. It is, therefore, advisable 
(as is done in many countries) to combine a heat test with a decomposi- 
tion test, and in this respect it may be stated, in view of the methods 
officially adopted in various countries, that the most reliable results 
are obtained by a combination of the diphenylaminc test with the 
decomposition test at 135". Will’s test is of great scientific value, but 
the costliness of the apparatus and the length of time (four hours) 
during which the experiment must be closely watched are dis- 
advantageous ; also, this test frequently gives indications of complete 
stability in cases in which the heat test is lew. 

The Bergmann-Junk test is identical in principle with Will's test 
but is only continued for two hours, instead of four as in Will’s test. 
It has the advantage of greater simplicity of apparatus, but has the 
drawback that a special analysis is necessary, which almost counter- 
balances any saving of timer otherwise attained.,, There is no objection 
to reducing ^he time of Will’s test ; if this be done the progress of the 
decomposition can be followed, which is not the case in Bergmann and 
Junk’s 'method. For cases of special importane^a combination of 
Will’s test with a heat test gives the most reliable results. Guttmann 
„ ifl. conjunction with G. W. Macdonald and W. Macnab has carried out 
a series of comparative tests with the various methods proposed, 1 and 
finds that the test at 135°, in a bath of amyl alcohol, as described 
above, is quick and reliable, the time required for the appearaqpe of 
a distinct* coloration on the tube being taken as the standard of 

1 C£. Twenty Years' Progress in Explosives, 1909. „ 
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MATCHES AND FIREWORKS. 


By A. Bujard, Ph.D., Stuttgart. English translation revised by 

E. Godwin Clayton ** 

* . 

A. MATCHES 

The following is a review of the materials used in the manufacture 
of matches. 

I. — Classes of Wood and their Substitutes 

Soft wood is employed which can be planed or sliced (“ flaked 
into splints. Match sticks are usually either square or round, accord- 
ing to whether they have been made by flaking or planing. The 
difference between these two kinds of splints is not only in form. 
Owing to the manner in which the round splints are made, a com- 
pression of the wood takes place, so that the sticks have a closer 
structure, and are less porous than the four-sided splints, made by 
flaking, which do not lose the structure and porosity of the wood from 
which they have been cut. The round splints, with their closer structure, 
are better suited for the manufacture of sulphur-coated matches, than 
for others. Sulphur-coated matches are covered at their lighting end 
with sulphur, and as this docs not enter the pores of the wood, but 
remains only on the surface, it is unnecessary, for the manufacture of 
these matches, to choose a porous kind of wood with a loose structure. 
On the other hand, however, the wood must be such that it can easily 
be made into round splints. If, in place of sulphur, other substances 
are employed, such as wax, resin, fatty acids, ^such as stearin, or 
hydrocarbons, such as paraffin, then penetration of the wood by these 
materials, which on heating become liquid, is . necessary. The wood 
''used In such cases must be porous, and must remain so after its 
conversion into splints, so that it may absorb the above-mentioned 
substances. The grooved splints, and some of the round match sticks, 
now often seen are punched by upward-cutting dies from small wood 

blocks fed into the machine jn an especial 'way. 

m " - - 
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In Great Britain sulphur is now scarcely ever, if at all, used for 
coating the splints, paraffin being employed instead. 


i. Pine and Fir Wood. . # 

In Great Britain, Canadian pine wood is at present the material 
chiefly used in the manufacture of match splints. For the production of 
round splints, thS wood of young pine or fir trees is the best ; this wood 
must be dry, and if it is to be stored, should be kept in a well-aired 
place, protected from the rain and sun. • 

• 

2. Aspen and Poplar Wood, etc. 

Besides pi^je and fir wood, aspen, poplar, lime, and beech wood 
are used abroad. The wood of the aspen tree is exceedingly easy to 
flake and the splints obtained are very uniform. The strips of wood 
for match boxes are also made from the aspen tree, and on the same 
machine. According to Jettel, 1 aspen wood timbers with a length of 
40 cm. are used ; the diameter should not be less than 20 cm., but 
preferably 25 to 60 cm. The demand for aspen wood for the manu- 
facture of matches in Germany cannot be quite me% and a portion is, 
therefore, supplied from Russia ; the wood used in the United Kingdom 
for the “ veneers ” of which match boxes are made, is also supplied from 
Russia. It is probable that, for match splints also, aspen wood will 
eventually replace pine wood in this country. 

3. Wax Matches or Vestas. 

In the case of wax matches, the stem consists of a wick of twisted 
cotton threads, coated with wax, or more generally with mixtures of 
stearin, paraffin, and gum dammar or gum copal. Wax matches burn 
for a longer time than wooden matches. 

II.— Substances used to Impregnate the Splints 

I. Means of Preventing the After-glow. 

To prevent after-gfow, and the falling off of the burnt heads, the 
splints are dipped in a solution of phosphoric acid and ammonium 
phosphate. ‘ ~ 

The solution, whi$h is made up of 1*5 kg. of ammonium phosphate 
and 2 kg. of phosphoric acid in 200 litres of water, is placed in a 
wooden vat, and the splints are allowed to soak in this solution Tor 
about 10 minutes. The absorption can be accelerated by warming the 
solution by means of a steam pipe. 

# Alum also has been recommended for this purpoge. Highly 

1 Die Zundwarenfabnkation , HartleberisfYerlag, Vienna, 1897. * 
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hygroscopic substances, such as magnesium chloride, are, of course,* 
unsuitable. • * 

Technically pure chemicals are used. 

% * 2. Sulphur. 

For occurrence, examination for purity, etc., see Vol. I., pp. 264 
et scq . • 

Sulphur melts at 113° and forms a clear yellow liquid, which on 
further heating to above 1 2 5 0 becomes darker and at 160” is dark brown 
and viscous;* at 400° it is again yellow and liquid, and commences to 
volatilise. If the sulphur becomes thick, it is too hot, and must be 
cooled down again before the splints can be dipped. 

In the manufacture of matches the purity of sulphur^s not material. 
Even should the sulphur en masse seem impure, the small quantity 
adhering to the splint always appears pure and is inflammable. * 

The variety of sulphur to be used generally depends on the source 
of supply and the price. ' 

In the case of safety match compositions, only finely powdered 
roll-sulphur is used, and not flowers of sulphur. 

Differences bczuccn Pozvdered Sulphur and Flowers of Sulphur under 
the Microscope. The powdered sulphur appears in the shape of more or 
less transparent crystals, while the flowers of sulphur appear as dar!£ 
cauliflower-shaped masses. In polarised light, between crossed nicols, 
the flowers of sulphur are optically inactive, while the broken, crystalline 
particles of the crushed sulphur appear light on a dark ground. 

As previously stated, sulphur is scarcely ever used as a coating for 
the splints in this country, although it is an essential component of 
some match compositions, especially those used for safety matches. 

3, Paraffin. ' 

Details for the examination of paraffin are given in Vol. III. For 
the manufacture of matches, the more or less yellow and brown, soft, 
scaly paraffins are the most suitable. As paraffin is not a uniform 
substance, its melting point is not a constant. The price of paraffin is 
influenced by certain factors, which are largely dependent on the 
severity of the winter, as a cold winter favours the crystallisation of 
the scales of paraffin. 

The most popular kinds are paraffin with a memng point of 98'’ to 
102 0 F. (Scotch method of examination), ioi° to 105" F. (American 
'Method), and 38° to 39 0 C. (German method) : also a harder kind of 
paraffin, m.p. n8°to i20°F, 121“ to 123’ Fj? 50° to 5i°C, is used by 
the Austrian makers, who make matches for export to the East. 

There is still a great deal of uncertainty with regard to the way in 
which the English, Scotch, American, and German methods of examina- 
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*tion are conducted. The results of the German and American methods 
agree well together, when the degrees ^Fahrenheit are converted into 
degrees Centigrade by the well-known formula F. — 32 : C. = 9 : 5 ; 
whereas after converting the English (or Scotch) degrees by the same 
formula, it is always necessary to add on 2° C. In this way, 118 0 to 
120 0 F., according to the English method, are not equal to 48° to 49°C. 
German method, J^ut are equal to 50° to 5F C. 

The ignorance of this difference in the methods is often taken 
advantage of by dealers, as paraffin is sold according to its melting 
point, and the German test (also known as the “ Halle Test,” cf VoL 
III., “ Candle Manufacture” and “Lubricating Oils”) gives higher 
results. The Verein fur Materialientechniker officially recognises 
the Schorkoff method, which has been in use in the lignite industry for 
many years (cf VoL III., “Lubricating Oils”). 

# The only test required in the match industry, is to take the melting 
point of the paraffin before use. 

In impregnating the splints with paraffin wax, the molten paraffin 
is heated to such a point that a match stick “ boils ” when thrown 
into it. As the vapour of paraffin wax is unpleasant, the paraffin 
bath should be fitted with a powerful air draught. 

% 4. Stearin. 

Stearin is obtained by saponifying tallow, decomposing the soap 
with acid, and pressing the solid residue. It melts at 70°, and forms a 
waxy, crystalline mass. It was used at one time, with the addition of 
a little resin (colophony), to prepare the wood for matches “de luxe.” 
The addition of resin causes the flame to smoke strongly. For use in 
the match industry, it ig not necessary to use the hardest and whitest 
sorts of stearin ; on the contrary, the softer kinds seem to serve the 
purpose better. For wood matches, stearin is now replaced by paraffin, 
but it is used, together with gum copal or dammar, for wax match 
stems. 

The Schorkoff melting point method, mentioned above, is used for 
the examination of stearin. % 

* 5- Wax. . ^ 

Wax, when first obtained, forms a yellow mass : this, if melted and 
allowed to ruTa* e>ut^to cold water, forms thin strips, which are slowly 
bleached by the action of the air. In the bleached condition, wax is a 
white, nearly odourless and tasteless mass, with a splintery fracture ; a 4 -* 
30° it can be kneaded, and it melts at 65 0 to 68°. 

Wax is occasionally used in the manufacture of wax matches, but 
in tlys country stearin, with or without paraffin, is generally substituted 
partly or entirely. Cotton threads on bobbins are passed 'through a 
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ring, so as to form one single thread, which is then passed througft 
a trough containing the molten "wax mixture. This thread is then 
passed through a wire-drawing plate, which gives it an exactly 
cylindrical shape and a smooth surface* The wax is not used pure, 
but mixed with stearin or paraffin; a good mixture generally contains 
io to 15 per cent, of wax. In the case of wax matches which are 
required for use in tropical climates, it is usuaf to add a small 
quantity of Carnauba wax, which prevents the matches from becoming 
soft and sticking together. 

6. Resin. * 

The dried resin of the coniferse is used in match compositions, or 
forjmixing with the stearin ; Venice turpentine is the bgst. 

III.— Materials for Match Compositions 

A. COMBUSTIBLE SUBSTANCES 

m 

1. White or Yellow Phosphorus. — This is, when fresh, almost 
colourless and transparent, looks like wax, and has a waxy consistency ; 
at a low temperature it is brittle. Sp. gr. 1-83. Melting point 44''. 
Boiling point 290". It is almost insoluble in water and alcohol, 
soluble with difficulty in ether and fatty ethereal oils, easily soluble To 
carbon bisulphide, chloroform, benzene, and sulphur chloride (SXb). 
Fresh phosphorus, when exposed to the air, shines brightly in a dark 
room ; at the same time, ozone and ammonium nitrite are formed. 
Friction, or warming to Co° in the air, will cause phosphorus to burn 
with a bright, yellowish white flame, to phosphorus pentoxidc (P 4 0 1() ). 
Phosphorus is a deadly poison, 01 to '02 g. causing death ; constant 
inhalation of the “fume” causes phosphorus necrosis, 1 which is liable 
to attack chiefly the jaws and carious tcotlf of workers in match factories, 
where white phosphorus is used. 

Examination of Commercial Yellow or White Phosphor us. The 

impurities contained in phosphorus are derived chiefly from the 
sulphuric acid used in the manufacture, and can best be detected by 
analytical methods. Pure phosphorus has; besides the properties 
already mentioned, a certain pliability, which it loses as soon as a 
small brace of sulphur is present. To test for sulp hur, a fragment of 
the phosphorus is dissolved in nitric acid, and the solution, which now 
contains the phosphorus as phosphoric acid, tested with a solution of 
^barinm nitrate ; a white precipitate, insoluble in nitric acid, shows the 
presence of sulphuric acid. Another portion of the solution is diluted, 
nearly neutralised with alkali, and treated with sulphuretted hydrogen ; 
if there was arsenic present in the nitric acid solution, it wo«Sd be 

- 1 Cf, Mu^pratt’s Ttchnhche vol, x. 



• * PHOSPHORUS # " 529 

present as arsenic acid, which on heating to 6o° to 8o° with sul- 
phuretted hydrogen, would give a yellow precipitate of arsenious 
sulphide. If iron be present, a precipitate of Prussian blue is 
obtained, on the addition of a few drops of a solution of potassium 
ferrocyanide. 

2. Dark red Amorphous Phosphorus is formed by the continued 
heating of white* phosphorus at 240° to 250° in a current of some 
indifferent gas, such as carbon dioxide. At a still higher temperature 
the red modification changes back again into the white. Ordinary red 
phosphorus is* a dark red, partly amorphous powder, with a sp. gr. 
of 2*x. It does not shine in the dark, oxidises only slowly in the air, 
and £>nly commences to burn when heated to above 360°. Friction 
does not cause it to catch fire, but it explodes when rubbed together 
with potassium chlorate or with peroxides. 

* It is used chiefly for the preparation of the striking surfaces on 
safety match boxes, and is also occasionally employed in the manu- 
facture of “ strike-any where ” match compositions. 

Pure red phosphorus is not poisonous, and can neither be dissolved 
nor oxidised in the system ; commercial red phosphorus can, however, 
act as a poison, as it frequently contains a small quantity of the white 
modification. R. Fresenius and E. Luck found the following substances 
in a sample of commercial amorphous phosphorus : — 

Red phosphorus . . . 92-63 per cent. 

White phosphorus . . .0-56 „ 

Phosphorous acid . . . 1*302 „ 

Phosphoric acid . . . 0880 „ 

Water and impurities. . . 4-662 „ 

Although the presence of a small quantity of white phosphorus is 
not in itself detrimental in match making, it has been assumed to be 
the cause of a slow oxidation to phosphorous and phosphoric acids, 
which on account of their acid and hygroscopic properties, act on the 
other substances present. 1 This supposition is, however, unnecessary, 
for red phosphorus, which has been purified with the utmost care, 
becomes oxidised after iong contact with the air, and contains under 
these conditions considerable quantities of phosphorus acids. In a 
compact state, in which the oxidisable surface of the phosphorus is 
comparatively smailpas in the case of a match composition, which is 
often covered by a slight coating of varnish, the possibility of oxidation 
is considerably decreased. A more or less moist appearance of the 
phosphorus indicates the presence of acids. Factories do not generally 
trouble about any special examination or purification, although in 
ipo^it was proposed to use “ neutral amorphous phosphorus^' obtained 
1 Cf Fresenius and* Luck, Z t anal Chtfn,, 1872, 11, 63. 
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from the ordinary product by purification methods. 1 The phosphorus 
acids are determined quantitatively by extracting a weighed quantity 
(io g.) on a filter with warm water, until the filtrate no longer reacts, 
acid. A* definite portion of the filtrate is oxidised by continued 
evaporation with'nitric acid, and the total phosphoric acid then precipi- 
tated in the usual way with magnesium ammonium chloride. The 
phosphorous acid is estimated with mercuric chlftride- in another 
portion of the filtrate. To estimate the percentages of white and red 
phosphorus present, R. Fresenius and K. Luck -1 oxidise the phosphorus, 
after it has been washed free from acids with wanji water, with fuming 
nitric acid to phosphoric acid, and estimate the amount of phosphorus 
in this as magnesium ammonium phosphate. The quantity ojf red 
phosphorus is similarly estimated in another portiorf of the sample, 
after extracting the white modification with carbon bisulphide. The 
difference between these two quantities gives the amount of white 
phosphorus present. 

As there are certain difficulties in carrying out this estimation* 
match manufacturers are generally satisfied with the qualitative test 
For this purpose, -the phosphorus, after the removal of the phosphorus 
acids, is first treated with absolute alcohol, to eliminate any water 
present, and then with carbon bisulphide; this solution is then carefully 
evaporated, and the presence of white phosphorus tested for by its 
luminosity in a dark room. Or, according to Nickles,* the phosphorus 
is shaken with a solution of calcium chloride of sp. gr. 1-95 ; on standing, 
the white modification (sp. gr. 1-83) rises to the surface. This method, 
however, is not very accurate. 

The German official method, worked out by Siemens, is as 
follows 8 : — Three grams of phosphorus are dric^l, and boiled for half an 
hour on a steam-bath, under a reflux condenser, with 1 50 c.c. of benzene 
and filtered. One cc. of this solution is added to 1 c.c. of a solution of 
ammoniacal silver nitrate, which is made by dissolving 1 7 g. of silver 
nitrate in 100 c.c. of ammonia of sp. gr. 0-992. If, after shaking and 
allowing to stand, no change, or only a yellow coloration of the aqueous 
solution takes place, whit§ phosphorus is absent. But if, after these 
operations have j?een carried out, the aqueous liquid be coloured red or 
brown, or “contain a black or brownish black precipitate, white 
phosphorus is present. The colour of the aque ous, solution should be 
judged directly after shaking and allowing to^sTand, and not after 
prolonged standing. 

$ Light red Amorphous Phosphorus can be prepared, according 

• 

1 Caussemille Jeune et Cie. and Roche et Cie., Fr. Pat, 404337, 33rd June 1909. 

3 %■ A mt., 1860, UO, 529. 3 Z. anal. Chtm., 187a, II, 63. 

* W urtz, -Dictionnatrt <U Ckimit , Paris, 1876, II., 3, 995. * 

r 8 z - CAtm., 1907, 20, 333*533 ; Erlass des Reichskanilers, 35th December J906. 
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to Schenck, 1 by boiling a xo per cent solution of white phosphorus in 
phosphorus tribromide. Owing to its more finely divided condition, it 
. is rather more active than the dark red modification ; it contains, 
besides unchanged white phosphorus, a moderate quantity *of 
phosphorus bromide, or of phosphorous acid, which can only be 
partially removed by boiling with water. White phosphorus can be 
eliminated by bailing with carbon bisulphide. The final product 
contains only 90 per cent, of phosphorus. This modification can be 
converted into the dark red form by continued heating s.t 300° in a 
current of carbon dioxide. The light red form is also non-poisonous, 
and is used in compositions for a strike-anywhere ” matches. 

Schenck determines the phosphorus, by heating a weighed quantity 
with water together with bromine, contained in a small tube, in a 
sealed tube, for two or three hours in a steam-bath at ioo° ; the oxidised 
phosphorus is weighed as magnesium pyrophosphate. 

4. Phosphorus sesquisulphide (P 4 S 3 ). — This compound, first pre- 
pared by G. Lemoine, is formed by slowly heating the calculated 
quantities of phosphorus and sulphur in a current of carbon dioxide at 
330° ; a small excess of sulphur is used. At a higher temperature, white 
phosphorus is re-formed (Mai and Schaffer). 2 By sublimation at 260°, 
regular crystals are obtained, but on crystallisation from carbon bisul- 
phide, rhombic prisms result. The compound melts at 160 0 to a reddish 
liquid. It is soluble in carbon bisulphide, phosphorus trichloride, and 
in aqueous solutions of sodium and potassium sulphides. Alkalis 
decompose it. Commercial phosphorus sesquisulphide ignites in air at 
98° to 99 0 . Cold water has scarcely any action, but water at ioo° 
decomposes it into sulphuretted hydrogen and phosphorous acid. The 
pure product keeps for a long time in well-stoppered bottles ; the com- 
mercial products are less stable, and their decomposition can be recog- 
nised by the smell of the evolved sulphuretted hydrogen. The greater 
the impurity of the product, the more pronounced is the odour. This 
decomposition is caused by the action of the oxygen of the air : — 

P 4 S 3 + 3 H 2 0 + 3 O - 3 H 2 S + P 4 0 6 . 

Phosphorus sesquisulpliide was officially introduced^ into France by 
Sev&ne and Cahen, 8 for the manufacture of “ strike-anywhere ” matches, 
free from white phosphorus. The less pure varieties may contain small 
quantities of white phosphorus, for which careful tests must be made. 

The examination is carried out firstly by the smell (the odour of 
phosphorus), and then by Mitscherlich’s test (cf. detection of phosphbrus 
in match-heads, p. 564), or by Schenck and Scharffis process. These 
methods are very exact, and allow of the detection of extremely small 
traces* In examining and judging matches, such minute graces of 

1 Ber.y 1903, 36, 979. 2 I9<>3» 3 6 > 8 7o. 3 Ger. Pat. 101736. 
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phosphorus must not be taken into account , in Oormuny certain IcsS 
delicate official tests are accordingly adopted (cf. p. 566). 

5. Lead thiosulphate is now used for the preparation of match 
compositions, which ignite on any surface. It is made by treating a 
solution of sugar of lead with sodium thiosulphate; it is a pure while, 
inodorous and tasteless powder, insoluble in water and not hygroscopic. 
It should be kept in well-closed bottles. 

Twelve kilograms of acetate of lead will yield, when treated with 
S kg. of sodhim thiosulphate, about 9I kg. to <j\ kg. of lead thiosulphate. 
When pure, a small sample, shaken with water, should show no soluble 
matter. 

6. Antimony trisulphide is used partly for match compositions, but 

is mainly used on the striking surface of safety match boxes. It can be 
obtained finely ground and with a parity of <j<j per cent. Tests fur 
purity are not necessary. ' 

7. Other Substances.— A few other substances have been recom- 
mended for match compositions, such as perstilphocyanic acid^ 
ferrocyanogen compounds, potassium xanthate, thiocyanates, “sulfo- 
cuprobaryum pol^tbionat,”- and “ thiophosphit ” or “,sulft»ph< .sphit.” 1 * 3 

B. SUBSTANCES WHICH SUPPLY OXYCKN , 

1. Minium, Pb 3 0 4 , is made by the continued heating of lead oxide 
or white lead in the air at 300’ to 400° ; it has a bright red colour. The 
use of minium is solely dependent on the percentage of oxygen which 
it contains, and, therefore, only the purest product, containing not more 
than 1 per cent, of foreign matter, should be used. This is tested for 
by dissolving t g. in a mixture of 2-3 g. of nitpc add (sp. gr. t • 1 5), 3 jj. 
to 4 g. of water, and 05 g. of oxalic add, and filtering. 4 

2. Lead peroxide in admixture with £ead nitrate . — '1 his "mixture " 
is prepared by treating minium with nitric acid of sp. gr. i.pS,}. A 
moderate amount of heat is liberated. Minium, which consists of a 
mixture of lead oxide and peroxide, gives up the lead oxide to the 
nitric acid to form lead nitrate, and the peroxide remains unchanged. 
An excess of njtric acid is to be avoided, it not only acts on the 
binding sfibstance in the match composition, but also makes the 
phosphorus inactive, by oxidising it to phosphoric acid. Moreover, 
it gives the mixture a thin consistency, whereas “Tflhc correct quantity 
of acid is used, the product is stiff and pasty, A badly treated mixture 
contains too much lead nitrate, which causes the match head to sweat, 
thereby producing a bad ignition and giving an unsightly appearance 

1 J. Craven, Eng. Pais, 18563 and 37530. 1897. „ 

* * Ger. Pat. 1574*4- * Ger. Pat. 15318$. 

' * tf. Bujar#, LtitfaJtn dir /yf tiaAxiA., 1893, j«. 88, 
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fo the match head. The product must also be free from lead chloride 
and lead sulphate, which will be the case if pure minium and pure 
. nitric. acid are used. 

3. Lead peroxide is made by treating minium with pure nitric ac]d, 
free from hydrochloric and sulphuric acids, and thfcn extracting the 
lead nitrate thus formed. The percentage of lead peroxide can be 
estimated by Ebeft’s method. 1 Half a gram of lead peroxide is weighed 
into a small flask, mixed with water to a thin paste, a large excess of 
concentrated hydrochloric acid added, and the flask closed .with a well- 
fitting rubber stopper provided with a delivery tube, which is led into a 
Varrentrapp’s bulb apparatus, containing a solution of potassium iodide. 
The .flask is then gently warmed, with frequent shaking. The lead 
peroxide dissolves* to the tetrachloride (PbCl 4 ), of which only traces 
reach the potassium iodide solution. The small flask is next cooled by 
placing it in cold water, when the solution of potassium iodide flows 
back into it and liberates iodine. After dilution with water to 300 c.c. 
ki a beaker, the liberated iodine is titrated with sodium thiosulphate. 
One c.c. Nj 10 thiosulphate is equivalent to 0*01 196 g. Pb 0 2 . 

An alternative method is to treat the lead peroxide with a measured 
volume of hydrogen peroxide, which has been acidified with nitric acid. 
The following reaction takes place : — 

H 2 0 2 + Pb0 2 + 2 HNO 3 = Pb(N0 3 ) 2 + 2 H 2 0 + 0 2 . 

The undecomposed hydrogen peroxide can be determined by titra- 
tion with potassium permanganate solution. 

Example. — Twoc.c. of hydrogen peroxide required 35-1 c.c. of Njio 
permanganate; 4 c.c. of hydrogen peroxide were then acidified with 
nitric acid diluted with 50 c.c. of water, and digested with 0*5 g. of 
powdered lead peroxide in the cold. When the lead peroxide had 
passed completely into solution, the liquid was titrated with Nj 10 
permanganate, 30 c.c. being required. 

Four c.c. hydrogen peroxide required 70-2 c.c. permanganate. 

Four c.c. hydrogen peroxide, after treatment with lead peroxide, 
required 30 c.c. permanganate. 

Difference due to lead peroxide, 40-2 c.c. permanganate, correspond- 
ing to 96*02 per cent lead peroxide. 

4. Lead nitrate can most easily be obtained in match factories, by 
allowing the wash-w&ters, obtained in the preparation of lead peroxide, 
to crystallise. 

5. Manganese peroxide. — The tests are fully described in Vol. I., 
pp. 476 et seq. In the match industry, great weight is laid on the purity 
of this substance and the degree of fineness to which it has been 
ground. It is seldom used for phosphorus compositions, but is 
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employed for safety and non-poisonous, “ strikc-anywhcre ” matdf 
pastes, and also on the striking surfaces. 

6. Potassium chlorate. — This is examined as described in Vol. I,, 
p.«5i7. It is the most powerful oxidising agent used ih the match 
industry; it is notTecommended to substitute it by the very hygroscopic 
sodium chlorate. 

7. Potassium nitrate. — For the examination, see-Vol. I., pp. 306 et 
seq. Only the purest saltpetre should be used. It is especially im- 
portant that.it should be free from chlorides, as it must not deliquesce. 

8. Potassium bichromate-— For tests cf this Vol., p. 364. It is used 
in the manufacture of safety matches, also in very small quantities in 
the compositions of red phosphorus matches. 

5. Barium nitrate, Strontium nitrate — These substances arc 'used 
in pyrotechny. 

10. Calcium orthoplumbate, Ca 2 I'bO.,, is a heavy, yellowish red* 
powder, first prepared by Kassner, 1 and was recommended as a substitute 
for lead peroxide and lead nitrate, in the manufa&ure of non-poisonous* 
“ strike-any where,” phosphorus matches. SchwicningV- composition, 
which was purchased by the German Government, and is used by 
match makers, owing to the prohibition of the use of white phosphorus, 
contains calcium orthoplumbate, together with potassium chlorate, 
amorphous phosphorus, friction material, binding and colouring sub- 
stances. The matches made with it are called “ Triumph ” matches. 

The calcium plumbate appears to act as a negative catalysing agent 
on the explosive mixture of potassium chlorate and phosphorus, 
retarding the explosion, so that only inflammation occurs. 


C. SUBSTANCES WHICH INCREASE FRICJION ; AND INERT 
SUBSTANCES, OR FILLING MATERIALS 

m 


1. Powdered glass. 

2. Pumice stone. 

3. Sand. 

4. Chalk. 

5. Plaster of Paris.* 

6. Pulverised asbestos. 


7* Siliceous marl. 

8. Kieselguhr. 

9. Powdered quartz, 
ro. Brown umber. 

1 1. Venetian red. 
is. Zinc oxide. 


These serve, on the one hand, to increase the friction, and on the 
other to retard the explosion on igniting the mate t head, so that the 
flame has time to act on the other materials, sulphur, paraffin, etc, 
‘which propagate the combustion. The use of chalk as a filling material 
is now rare. Zinc oxide is employed chiefly in the compositions of 
matches containing phosphorus sesquisulphide, red phosphorus, and the 
like. „ 

- 1 DtnjfLpolyt.J., 1889, 274, Ztii 1903,^7, H30. a Ger. Pat. 86aoj. 
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* These substances can all be obtained in the required degree of 
purity. The siliceous marl contain? 8 n ® to 92 per cent, of silica, as 
well as alkaline earths and iron. * 

♦ 

D. BINDING SUBSTANCES 

• 1. Glue. 

I. — THE COMPOSITION AND MANUFACTURE OF GLUE 

• 

The collagens, oj substances which yield glue by heating with water 
in a steam-heated boiler, are such portions of vertebrate animals as 
the connective tissue, and the intercellular substance of the sinews, 
ligaments, bones, ■ and dentine. Chemically, there are two different 
kinds of glue: bone glue (glutin), and glue from the cartilage 
•(chondrin). 

1. Glutin, the main constituent of commercial glue, having the 
formula C 13 H 20 N 4 O 5 , swells up in water, without dissolving, becomes 
liquid on heating, and gelatinises on cooling. Glutin is soluble in 
acids and alkalis at the ordinary temperature. If* glutin is boiled 
continuously with water, it becomes peptonised (glue peptone), and 
loses its solidifying property, that is to say, it does not gelatinise on 
cooling. It is not precipitated by acetic acid, ferrocyanide of potassium, 
or nitric acid (difference from the true albuminoids). Glutin is thrown 
out of solution by most varieties of tannic acid, and on this fact the 
quantitative estimation of these acids with hide-powder is based. 

2. Chondrin is obtained by boiling the cartilage with water ,- the 
resulting opalescent liquid gelatinises on cooling. It can be precipitated 
by dilute mineral acids, but redissolves in excess. Some chemists 
regard chondrin as a mixture of ordinary glue and mucin. 

Commercial glue is divided into two classes, according to the raw 
products from which it is made, viz. : skin-glue and bone-glue. 

II_ PROPERTIES AND EXAMINATION OF GLUE 

The principal uses are as an adhesive* and as a binding material. 
Good glue should be very hard and not easily breakabft: ; when struck it 
should give a loud, sharp" sound. It should be clear and transput, with 
a pale colour; thra 131 st property may, however, give rise to mistakes, 
as the so-called benzine glues, although thin and pale-coloured, are, as 
a rule, of bad quality. When placed in cold water, good glue should 
only swell, and take up a large quantity of water, without dissolving ; 
the water should not smell, and should not show any appreciable 
cloudiness. Good skin-glue dissolves completely at 50°. Numerous 
methods are in use to test the quality of glue. Lipowitz estimates the 
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*be completely expelled at the above temperature from slightly larger 
particles, and it does not appear ' advisable to resort to a higher 
temperature. It should be observed ’that powdered glue loses very 
perceptibly ‘in weight, if allowed to stand in the laboratory at the 
ordinary temperature for some time. * 

2. Determination of Ash . For the determination of the ash it is 
convenient to use the same sample of glue that was taken for the 
moisture determination. It is incinerated in a covered platinum 
crucible, the full heat of a Bunsen burner being at once applied. The 
traces of mineral matter which are lost in this shortened method may be 
neglected without danger, since only great differences in the quantity of 
ash ft need be taken into account The last particles of carbon, which 
are somewhat difficult to remove, are best burnt by repeatedly allowing 
to cool, moistening, and igniting the contents of the crucible. 

* 3- Qualitative Examination of the Ash . The nature of the ash 

generally gives reliable indications as to whether the glue was derived 
•Jrom bone or from hide. The ash of bone-glue melts at the temperature 
of the Bunsen burner, its aqueous solution generally reacts neutral, and 
its solution in nitric acid gives the reactions for phosphoric and hydro- 
chloric acids. If the ash has been very strongly ignited, deposits of 
alkaline chlorides are found on the inside of the crucible cover and some- 
times on the edge of the crucible. The ash of skin- or hide-glue contains 
a large proportion of lime and remains, therefore, unmelted. It reacts 
strongly alkaline and is generally free from phosphates and chlorides. 

4. Determination of Alkalinity. To 2 g. of glue, dissolved in 18 g. of 
water, are added 40 g. of 99 per cent alcohol ; after brisk agitation, the 
mixture is filtered and titrated with Nj 10 hydrochloric acid, phenol- 
phthalein being employed as the indicator. 

5. Free Mineral Acid is determined by titrating a 10 per cent 
solution of the glue in water with aqueous sodium hydroxide solution, 
successive portions of the liquid being spotted on to neutral litmus 
paper. The quantity of alkali to be added each time before the spotting 
must correspond to 0*005 g. H 2 S0 4 . During the titration, the glue 
solutions are warmed to about 30° to 40°. ^ 

6. Determination of Oh e free and combined volatile Acids. Thirty grams 
of the glue are covered with 80 g. of water in a round-bottomed flask 
and placed aside^ for a few hours to allow the glue to swell. An 
arrangement is then* fitted up which permits of the removal of the 
volatile acids by steam distillation, the flask being conveniently placed 
in a vessel containing boiling water, in order to avoid the condensation 
of any considerable quanlaty of steam. As soon as the distillate no 
longer has an acid reaction, the distillation is stopped, and the quantity 
of acid is determined by titration. To liberate the combined volatile 
acids, the contents of the flask are next ^acidified with concentrated 
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sulphuric acid, and distilled again in a similar manner. Is some* 
instances the distillate contains, considerable quantities of sulphurous 
acid, so that it is advisable to 'distil into a known quantity of standard 
alkali. The sulphurous acid can be converted into sulphuric acid by 
the addition of breftnine, and then determined gravimetrical!)’. 

7. Determination of the Drying Properties. The solution of glue, 
freed from volatile acids, is diluted with water to a weight of 150 g. and 
again heated to the temperature of boiling water with an upright tube 
to prevent lpss by evaporation. Ten c.c. are then withdrawn by a 
pipette on to the middle of a watch-glass of about, 10 cm. diameter, in 
such a way that no glue is present on the glass outside the circular disc 
of jelly, the centre of which must coincide with that of the glass. JThe 
watch-glass is placed in a horizontal position before the Addition of* the 
glue ; it should be allowed to remain in a place as free as possible from 
dust and draughts, and where the temperature is not liable to fluctuate • 
greatly. The alterations of the glue are then observed for a few days. 
According to the drying properties of the glue, the jelly dries more or* 
less quickly from the edge to the centre, and from the size of the patch 
which still remains soft after a certain time, a fairly reliable conclusion 
can be drawn as to the drying properties of the sample. As the process 
of drying is greatly influenced by the degree of moisture and tempera- 
ture of the air, and as it is very difficult to keep these constant, it is 
advisable always to carry out comparative determinations. It is, there- 
fore, advantageous to compare the glue under examination with two 
samples, which have been previously tested, one of good, and the other 

of inferior drying properties, the three being treated identically, as 
above. 


8. Determination of Foreign Matter. In order that the method of 
testing may not be unnecessarily complicated, Kissling recommends 
only an approximate quantitative determination of the total quantity 
of those substances which are deposited when the glue solution is 
sufficiently diluted. As the separation of these substances by filtration 
is troublesome and slow, even after partial separation by decantation, 
Kissling makes approximate determinations of the volume of the solid 
deposit, since the.estimation is only comparative. The glue solution 
referred to irf (7)— that is to say, 150 c.c. less 10 ca— is diluted with hot 
water, alfewed to cool introduced into a cylinder of 1000 cc capacity, 
graduated m cc., filled up to the mark, mixed, and allowed to stand. 
The volume of the solid deposit, after twenty-four hours, forms a measure 
of the quantity of insoluble "foreign matter” in the glue. This is 
generally very small, but m some cases considerable. Such substances 
decrease the binding quality of the glue, when they consist to a great 
* extent of organic matter, as Kissling found in a number of cases. ** 

" 9 ‘ ihe Odour - This feature is of especial importance, as it gives 
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indications concerning the durability of glue, and its’ tendency to 
decompose.. The smell of glue varies Jfreatly according to the quality. 
Usually, hide-glues are in this respect superior to bone-glues. With 
some kinds of glue, the smell of the cold slabs is very slight, whereas 
the hot jellies have a very unpleasant smell. In such cases the glued 
surface, after drying, has a much more unpleasant smell than the cold 
slab. In his published results, Kissling, therefore, gives indications of 
the smell, both of the dry glue and of the hot jelly. Obviously, Tt is 
only possible to judge the odour accurately after carrying out a long 
series of investigations of glues. 

As regards the practical value of this scheme of testing, Kissling 
remarks that in general a satisfactory agreement has been found 
between the results of practical experience and those of his investiga- 
tions. The amount of acidity determines the suitability of a glue for 
some purposes. The quantitative estimations of water and ash are 
generally of minor importance ; and the same, as a rule, may be affirmed 
\>f the determination of fat, methods for which are described in the next 
sub-section. Hide-glues show a superiority over bone-glues, but it 
must be emphasised that the manufacture of bone-glue has undergone 
such improvements that its relative value in comparison with hide-glue 
Jjas greatly increased. The best bone-glues now compare approximately 
with medium skin-glues. 

In a subsequent publication, Kissling 1 emphasises the fact that all 
forms of apparatus devised for the purpose of directly measuring the 
binding power, 2 the first requirement in the testing of glues, fail to 
give even approximately concordant results under identical conditions 
of experiment. This is, at all events, his experience with apparatus 
devised by himself for this purpose (loc. at.), and for this reason he 
prefers the determination of the drying properties of glue. In a later 
paper® he strongly advocates, and describes an apparatus for, ascertain- 
ing the melting point of the glue jellies. 

The following results (see Table, page 540) are quoted, with some 
additions, from a paper by E. G. Clayton, 4 on the Technical Examina- 
tion of Glue, based on investigations of a qumber of samples of British 
and foreign origin. * 

The main conclusions in the paper are as follow : — Colour is of 
limited value as- .an indication of quality, and too much importance is 
often attached to it. Some dark-tinted glues may be better in quality 
than comparatively pale samples. Air-bubbles should be few, or 
better, absent. The odour of samples should be inoffensive. ’Good 
glue should not deteriorate'quickly on exposure. Physical tests usually 

^ Chtm. Zeit., 1889, 13, 1667. 

8 An apparatus for this purpose has been described by Horn, Chem. hid., 188:5, 1, 297. 

* Chtm. Zeit., 1900, 24, 567 ; 1901, °2S, 264. 4 £ Soc, Chem. Ind., 1902, 21, 670. , 
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''lead tc\ more definite conclusions than analyses, but 1 some of the 
chemical data are very useful. Perhaps the best single chemical test, 
is Stelling’s — the determination of non-gelatinising matters by pre- 
cipitating with alcohol, filtering, evaporating a fractional part of the 
filtrate, and weighing the dried residue. A high result appears to be 
a prima facie indication that the glue, at all events, is below the best 
standard of quality (see samples E. and F. in the Table). Hygrometric, 
immersion, jelly-drying, viscosity, and other tests are described irf^the 
paper. The viscosity test and Kissling’s jelly-consistency test are 
favourably reviewed, and the hygrometric test (rate of absorption of 
moisture from air saturated with aqueous vapour) is stated to give 
useful indications. Finally, it is remarked that whilst it would be 
rash to form ’'a. judgment on glue from a single test, the evidence 
afforded by a number of tests may be decisive. 

► 

IV. — METHODS FOR THE DETERMINATION OF FAT IN GLUE 

i 

% 

W. Fahrion 1 recommends the following process: — Ten grams of 
broken glue are warmed on a gently boiling water-lpath with 40 c.c. of 
S per cent, alcoholic sodium hydroxide in a porcelain dish, with constant 
stirring, until the alcohol is completely driven off. If complete solution 
*t]oes not occur, the residue is taken up with alcohol and again 
evaporated to dryness. The transformation product of the glutin, as 
also the sodium salts of the fatty and hydroxy-fatty acids dissolve 
readily ; any residue which is found, consists of inorganic matter, and 
dissolves on subsequent acidification with hydrochloric acid. The 
acidified solution is heated for about half an hour almost to boiling, 
then washed into a separating funnel, and after cooling, well shaken 
with ether and allowed to stand for a considerable time, best overnight. 
The acid, aqueous liquid is*'drawn off, and the ethereal solution which 
contains the fatty acids and the liquid hydroxy-fatty acids is poured 
off at the top. The solid hydroxy-acids which remain behind in the 
funnel are dissolved in warm alcohol, the ethereal and alcoholic solutions 
combined and evaporated, the residue weighed, ignited, and again 
weighed, and the difference taken as the fat. The results obtained 
in this way agree satisfactorily among themselves, hut a?e always too 
low, for two reasons. Firstly, any glycerin present in tfre glue fat 
is not determined flith the fat, and secondly, the hydroxy-acids are 
not quite insoluble in acidified water. The error which results in this 
way is, however, very small, and the figures are throughout higher than’ 
those obtained by Kissling’s method. For instance, the quantity found 
for a brown joiner’s glue by Kissling’s method was 02 1 per cent, by 
Fahrion’s method, 0-51 per cent, and in an almost white skin-glue, by 

1 /"•/ '7- l J f 
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Kissling’s method, 0-13, and by Fahrion’s method, 0-40 par cent. 1 ' 
of fat. 

According to Kissling’s method 1 (shaking out the glue solution 
with petroleum ether after acidification with hydrochloric acid), only 
that part of the fat which is soluble in petroleum ether, is determined. 
The fat contained in glue is, however, partly oxidised, and oxidised 
fats are in some cases insoluble in petroleum ether.r An example of 
thirds linseed oil. This oil is completely soluble in petroleum ether 
and in ether, but practically insoluble in alcohol. If exposed to the 
air in a thin layer, however, processes of oxidation, etc., set in, and 
these diminish, firstly the solubility in petroleum ether, and then that 
in ether. The solubility in alcohol increases at first, on the one hand 
by reason of the formation of free acids by the partial" splitting off of 
glycerin, and on the other hand because the esters of the hydroxy-acids 
are probably soluble in alcohol. As the drying process continues, - 
however, the solubility in alcohol also diminishes, and the ultimate 
product (the “linocyn” of Mulder) is practically insoluble in petroleum" 
ether, ether, and alcohol. It can, however, be completely saponified 
with excess of alcoholic alkali hydroxide, and the non-volatile acids 
formed can be separated into three parts. The first consists of un- 
oxidised fatty acids, and is soluble in petroleum ether, ether, and 
alcohol; the second, for which Fahrion suggests the name 11 hydroxyl 
acids,” is insoluble in petroleum ether, but soluble in ether and alcohol, 
and forms a thick, dark red oil; the third, consisting of the solid 
hydroxy-acids, is insoluble in petroleum ether and ether, but soluble 
in alcohol, and forms an amorphous brown powder in the dry state. 

The raw materials for the manufacture of glue, namely, skin and 
bones, already contain oxidised fat Further,. the glue decoction is 
repeatedly heated in presence of air, and finally the drying of the glue 
brings it into such intimate contact with the air, that the oxidation of 
the fat probably proceeds further. Indeed, Fahrion found in a skin- 
glue only 008 per cent of fatty acids as compared with 0-31 per 
cent, of oxidised fatty acids. 

V. — DIFFERENTIATION OF ANIMAL AND VEGETABLE GLUE 

r 

F. Evers 2 has published an investigation on the differentiation of 
animal and vegetable glue. The distinction between* - animal glue and 
dextrin glue, or between gum and mixtures of gum or dextrin with 
.animal glue, is based upon the well-known reaction towards Folding's 
sofution, which is reduced in presence of ^dextrin on boiling. So- 
called plant glue (albumin glue, gum), which is prepared from wheat 
gluten and is used for gumming and cloth dressing, is very similar,, to 

1 Cnem, Zeil., 1896, 20, 698. . * 2899, 23, 333, 
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■ammal^lue in its phys.cal and chemical properties, particularly to 
m enor bone-glue. Its aqueous solution gives, like animal glue, a 
. voluminous, gelatinous or cheesy coaguhim with tannin solution ; with 
a little aluminium sulphate solution it gives no precipitate,, or at the 
most only as light separation, but with larger quantities of aluminum 
sdphate it yields a greater amount of a flocculent or cheesy precipitate, 
whilst with lead acetate it undergoes no change In general, vegetable 
g ue swells and dissolves with more difficulty in water than animal 
glue, and the solution gelatinises less readily on cooling A trust- 
worthy method for distinguishing between the two cannot, however, 
be based upon this property. Both animal and vegetable glue give 
flocculent precipitates with concentrated sodium sulphate, which, how- 
ever, redissolve ! oh warming. If the solution be boiled for sometime 
and treated with lead acetate, animal glue gives a white or pale grey 
•precipitate, whilst vegetable glue, containing as it does, larger quantities 
of sulphur, generally gives a black precipitate, less frequently a grey 
one. An aqueous solution of vegetable glue gives on warming with 
Millon’s reagent a violet-red coloration, like all albuminoid substances • 
m many cases, however, inferior animal glue behaves in the same way 
A simple and trustworthy method for distinguishing between animal 
and vegetable glue is the following The sample of glue (about I g.) 

® dissolved in water (io c.c.) by warming, a drop of sodium hydroxide 
being added if necessary. A few grams of common salt or magnesium 
sulphate are then added, and the whole shaken. The solution of 
animal glue remains clear, whilst vegetable glue separates almost 
completely as a voluminous or gelatinous precipitate. Mixtures of 
animal and vegetable glue can be readily recognised in this way. 


VL-ttPHYSICAL TESTS 

(«) Viscosity— According to the investigations of Fels, 1 the con- 
sistency of glue is closely related to the quality or binding power. 
Neither the quantity of water taken up, nor the examination of the 
mode of fracture gives trustworthy indications of the practical value of a 
glue, but the viscosity of' the solution is a belter index of quality. The 
reason of this is evident ; glues which have been prepared under the 
influence of lime or acids give rise, under certain conditions, to a less 
consistent jelly than a properly manufactured product, namely, when 
the lime or acid has not been sufficiently carefully removed from the glue. 
The decomposition products which result in presence of lime or acids, 
ispecially on boiling or stemming the glue-producing substance, as also 
hose which result when too high a steam pressure has been used, 
liminish the consistency of the jelly, as does also a badly regulated 

l Chem, Zeit., 1901, 25, 23 , * 
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concentration of the glue .solution, or even an incipient # organi£ 
decomposition of this solution * 

AH of these influences, whhh come into consideration in the 
manufacture, affect the finished product, and if the depict- of ton- 
sislency of the jelly obtained from a glue be examined, a true measure 
for adjudging the quality i.s obtained. The method i*. very simply 
carried out as follows: — « 

"•> 4 . Determination of Moisture. The sample is broken up, t to » g, 
of powdered glue obtained from the fragments, with the help of a file, 
rasp, or knife, and this quantity is dried for two hours at j < *» . 

2. Preparation of the Test Jelly, About too g. of tin: glue under 
examination (viz., the broken pieces from which the fine powder was 
filedj) are placed in a beaker of 500 c.e. capacity, aud Jibout .joucc. of 
cold water arc added; after twenty-four hours the .swollen glue i^ dis- 
solved by heating on a water-bath. The dilution is carried out in such* 
a way that a 15 per cent, jelly results, calculated on the anhydrous glue. 

3. Determination of the Viseosity. Mugler's viscosimeter is especially 

good for this purpose. First, the viscosity of water at ,$u is determined, 
and used as a up it for the subsequent glue tests. The same deter- 
mination is then carried out with the 15 per cent, solution of glue, also 
at 30". The time of flow of the latter divided by that of water gives a 
number which expresses the consistency of the glue. * 

The degrees of viscosity found in this way agree exactly with the 
behaviour of the glues under water. 

Some results obtained by this method of examination are given in 
the following table. Sample No. 2 was quite slimy after a few hours 
and sank together to a lump, whereas No. 5 preserved its original form 
and gave up no particles of jelly, even when scraped with the finger. 
Further, it was found that Nos. 3 and $ became a solid jelly after 
twelve hours, whereas No. 2 was still a thin jelly, anti underwent no 
alteration even after a further period of twenty-four hours : — 


Deweription of Sample, 

ButwUmr** 

USthl, 

MolaUmt 

content 

< <*rrv*prw4 

ut 

lM4Kfth0*} 

Tin-r 

ttlltttow r?f 

VtiKkwftjr. 


in Kramx. 

• 

par 

fcuhydrrm* 

ftliUUlin*. 

U) c.c. 

W* Ml 

JWCOfpU' 

l> Light yelfow, trans- 
parent thick slabs * 

05*0 

18*3 

70*8 

530 

” 140 

1*05 

a* Btom glues, transparent 

05*0 

14*0 

Si *7 

44* 

l{m 

vm 

$* Wine yellow, trans- 
jt&rent slabs 

88*7 

ni 

75*1 

500 

* | 

u m \ 

i a 

*&1S0 

j-01 

4> Light yellow slabs, 
breaking into small 
pieces 

100*0 

18*2 

« 

Si *8 

545 

1-80 

$> Semi-opaque glue 

100*0 

15* 2 

84*8 

* 

585 

j= 100 

3% 

* 

+ 


• 


% 
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• (/>) pelting Point of the Glue Jelly — Kissling is of the opinion 1 

that such chemical methods as the* determination of the gelatinising 
matter by precipitation with tannin, or estimations of the percentage of 
nitrogen, are unsuitable technical methods for adjudging the value of a 
glue. In a paper by this author 2 on the testing *of plates of glue, 
a method for the determination of the melting point of the glue jelly, 
and a convenient apparatus for the purpose, are described. The 
apparatus and method have given good results in the practical n?£nu- 
facture of glue. * 

A bath of copper or white metal, partially filled with water at 5 o°, 
serves as the source of heat The bath should be filled to a mark 
placed at two-thirds of its height, and the temperature is kept constant 
during the ex^riment. The bath is fitted with a removable tover 
consisting of a vessel, the bottom of which is covered with a sheet of 
♦asbestos upon which rests a ring-shaped receiver. In this a thermo- 
meter and the small cylinders containing the glues are placed. The 
•upper vessel is covered with a glass plate. It is advisable to cover the 
outside of the vessel with asbestos. 3 The method of working is as 
follows : — Fifteen grams of the glue samples to be tested and 30 g. of 
distilled water are introduced into small flasks, each fitted with a 
straight tube about 1 metre long. The flasks are allowed to stand over- 
night and then heated in boiling water until the glue has dissolved 
completely, the solution being accelerated by shaking the flasks with a 
circular motion. The flasks containing the lukewarm glue solutions are 
then fitted into the glass cylinders, which are made exactly to a specified 
size and are provided with ring-shaped marks ; the cylinders are closed 
with corks and placed in a holder, the base of which consists of a brass 
sieve, over which two intermediate discs are fixed, each containing seven 
holes. The cylinder containing the thermometer is placed in the 
middle, and contains a concentrated solution (1 : 1) of the best hide- 
glue. The receiver thus filled, is allowed to stand for an hour in water, 
the temperature of which is kept at 15°. After the thermometer 
vessel and test cylinders have been thus brought to the same tempera- 
ture, they are quickly brought into the thermostat, which has been 
fitted up as above, and the melting point of the glue jelly determined. 
The melting point is the temperature at which the horizontal surface of 
the jelly begins to become uneven. The higher the melting point, the 
higher is the content gelatinising substance. In addition, this simple 
method gives direct indications as to the degree of firmness of the glue 
jelly, which is of importance in certain cases, as, for instance, in glueing 
casks. • 

As regards the testing of plates of glue, the question whether a glue 

^ Z» angiw. Chitn.y 1903, 16, 398* 2 Ch&m, Zeit ,, 1900, 24* 567 j ^ 5 , 264. 

8 This apparatuses supplied by J. Schober, Berlin. 
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is good or bad, r useful or useless, cannot be answered in a general way * 
unless it is so inferior in quality that it can be discarded at once as 
worthless. In the great majority of instances, the purpose for which it . 
is tp be used must be known ; hence, a glue can only be designated as 
unsuitable for a specific purpose. 

So far as the binding properties are concerned, numerous 
experiments have shown that even inferior bone-glues-are satisfactory, 
and^Tuide-glue of high quality scarcely shows any superiority in this 
respect. If, therefore, only the binding properties have to be taken 
into consideration, there is no object in using the more expensive 
hide-glues. This does not hold good for the degree of firmness. 
Experiment has shown that hide-glues are in general superior, to 
bone-glues in this respect, although some samples-.of the latter 
yield moderately firm jellies. As is well known, the method-' of 
manufacture plays an important part in reference to this property ; * 
the larger the quantity of glutin that is converted to glutose 
during the manufacture, the less firmness does tfie jelly possess, and • 
in this respect the manufacture of bone-glue has undergone great 
improvements. « 

Considerable weight is attached by some writers to the “ Foam- 
test.” 1 Foam is due to over-boiling, which causes peptonisation. A 
good glue, it is stated, should yield a minimum foam, when the solution** 
is shaken, coupled with a maximum jelly consistency. 

(?) The Binding Power. — i. Setterberg’s ' 1 Method. This author 
soaks strips of unglued paper in a glue solution of known concentration, 
removes the excess of glue, by pressing between blotting paper, and 
when dry, estimates the binding power of the glue, by subjecting the 
strips to tearing tests in a paper-testing machine.- 

2. Weidenbusch s test for Binding Power? This test gives reliable 
results. Exactly equal prismatic rods of gypsum, Q-2 cm. long, with the 
side of the transverse section 4 mm., and having a weight of 17 g., are 
dipped in a glue solution for five minutes, then taken out, and allowed 
to dry. They are then placed on an iron ring, which is fastened in 
a horizontal position, so as to form the diameter ; a dish is hung to the 
centre of the rod, into which weights are placed until the rod breaks. 
The better tfcfe glue, the greater the weight required to break the rod. 

By experiment it has been found that the relative adhesive power of 
skin-glue to that of bone-glue, is as 1-5:1; and, further, that glue made 
from calves’ head is better than any other class of glue. The following 
"table bears out these facts : — 


M Jr,™ Jrf' T -°rT J ' r E \ Hackford > “ Conditions affecting the Foaming and Con- 

sistency of Glues, /. Sac. Chem> Ind ., 1906, 25, 1905. 

2 Post, Chem % techn* AnaL , vol. ii., p, $37, 

Cf, Hanausek, Lugger’s Lexicon der ges t Technik , vokwi., p. 136- 
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% 

Ul&MK Of ftlUtt. 

Breaking 

Btraiff, 

m 

Appearance of Fracture. 

* 

Brains. 

• 

# 

"Glue from crushed bones, Saybusch 
Russian glue from Bohemia . 

291 ”5 

Even, fon raided. 

304*4 

Even, fine-grained. 

Saybusch glue, Lyon class 

! 351*2 

Slightly uneven. 

Russian glue from^A- Michl, Rehberg . 

434 -2 

Uneven, with sharp projecting edges. 

Cologne glue from* A. Michl, Roll berg . 
Glue from calves* heads, from Saybusch, 

• 134*2 

! 

Do. ~ 

Lyon class 

483*7 

Do. 

Gipsum rod before dipping in glue 

• 

103*2 

i 

: Fairly even, fme gained. 
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• • VIL — COMMERCIAL VARIETIES OF GLUE 

• Joiners' Glue is either skin-glue or bone-glue, or a mixture of the 
two. Cologne Glue is the best and purest skin-glue, and is very much in 
Ffequcst on account of its high adhesive power. Gilders' sine is Cologne 
glue in thin leaves, bleached by chlorine. Patent Glue is a pure, dark- 
brown bone-glue in thick tablets, without net-markings; it swells 
greatly in water, and serves for mouldings, buttons, and the like. 
Fining Glue is manufactured from bones in the form of thick, pale- 
tinted plates, and is used, instead of isinglass, for the fining of wine and 
beer. Mouth Glue is a better quality of bone-glue, scented with lemon 
essence and sweetened with sugar. Russian Glue is a dingy white or 
brownish white variety of Cologne glue, rendered opaque by the 
addition of white lead, zinc white, permanent white, or chalk. An 
improvement in adhesiveness is not aimed at by the additions. 

Ginning and Parchment sine are valuable kinds of pure skin-glue, 
resembling gelatin ; parchment size is put on the market in jelly form, 
[jacked in small jars, usually with an addition of alum. Flemish Glue, 
consists of thin, yellow leaves, shrunken in both directions, and is used 
for the production of glue colours and as a glazing material. Paris 
Glue ami Hatters' Glue, 1 are poor, dark brown, opaque, almost always 
offensively smelling, soft varieties, used in hat-making because of their 
considerable hygroscopicity. 

Liquid Glue. Thirty. eight parts of glue are dissolved in ioo parts 
of acetic acid ; the resulting product remains in the fluid state. A 
preparation made with nitric acid is known as Steam Glue, also as 
Russian light and Mark Steam Glue. Glycerin Glue is obtained by 
dissolving glue in warm glycerin ; small additions of glycerin to steeped 
glue impart elasticity to the jelly, making it caoutchouc-like and 
suitable for hectograph compositions. Chrome Glue is either a mixture 
of glue with potassium or ammonium bichromate, or of glue with 
chrome alum. After drying, the former mixtures are insoluble in, 

1 Cf. ValtnU, £„ Dm KieU~ und VtrdiikungsmlUl, Kassel, 1884, p. 123* * 
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water. They ai^fe used for cementing glass, porcelain, and iro®, for 
finishing and waterproofing materials* and for photographic purposes. 

. 2. Gum . 1 

Three sorts of gufn are used in the manufacture of matches : — Gum-' 
arabic, gum-senegal, and gum-tragacanth. 

(a^ Gum-arabic forms irregular, brilliant, transparent} brittle pieces, 
of a wffi'te to yellow or brown colour, and varying from the size of a 
lentil to that of a walnut. The pieces are mostly filled with internal 
cracks, and are also cracked on the surface, which renders them easy to 
break and to grind. They do not become damp in the air, show a 
brilliant conchoidal fracture, and give, with cold water, an almost clear, 
viscous, 'slimy, slightly opalescent solution, which can to some extent be 
drawn out into threads, but which is neither tough nor gelatinous. The 
solution reacts faintly acid and is very adhesive. Gum-arabic breaks 
up and dissolves easily in the mouth, and has an insipid and slimy" 
taste. * 

On account of its high price, it is frequently adulterated, mostly with 
insoluble cherry-gurfi, dextrin, etc., and is sometimes bleached with 
sulphurous acid to make it appear of better quality for certain purposes. 
This renders it unsuitable for the manufacture of matches. Since the 
conditions of export from the Soudan have become unfavourable, 
gum-arabic is adulterated with gum-senegal ; indeed, according to 
Liebermann , 2 the latter is often sold as gum-arabic. 

( b ) Gum-senegal forms round fragments which are larger and more 
transparent than gum-arabic, and have fewer cracks penetrating to their 
interior. . The pieces frequently contain large air-bubbles, formed like 
tears, their surface is rough and not brilliant, they vary in colour from 
almost white to reddish yellow, and their fracture is coarsely conchoidal 
and very brilliant. * 

According to Liebermann , 3 gum-senegal forms either colourless, 
pale yellow, or superficially white pieces, resembling etched glass in 
appearance, which, however, are bright and transparent internally. 
The pieces are generally long, straight, or coiled, or cylindrical with 
concentric rings. Roundish fragments of various sizes are, however, 
also met with, which have the appearance as if a large drop had become 
incrusted with smaller pieces after solidifying. 

If the gum under examination has not been artificially powdered 
(by pounding), it is sufficient to observe these external properties to 
distinguish gum-arabic from gum-senegal. Other gums can also be 
detected, in this case, according to Liebermann, by the deviation of 
their appearance from the above. 

From J. Kellner’s Die Ziindwctaren Falriiation, 1897. 

Ckem. Zeit ., 1890^4, 665. * s Lqc. cit. 
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Gum-senegal is said to be distinguished from gum-araDic, apart from 
the above method, by its property t>f gradually becoming moist, on 
exposure to the air, as also by the fact that it gives only a slight 
turbidity with mercurous nitrate, and is very markedly thickened by 
borax. According to Liebermann and Kramsky, 1 however, the assertion 
that gum-senegal is more hygroscopic than gum-arabic is incorrect. 
The percentage of water in each kind of gum was determined af;i05°, 
and the dried substance allowed to stand for twenty-four hours ‘fn moist 
air and again weighed. Gum-arabic proved to be slightly the more 
hygroscopic of tjje two, as shown by the following data : — 

Gum-senegal. Gum-arabic. 

• Water 4 ... . . . . 13-39 g. 14-56 g. 

Water absorbed in twenty-four hours by the dried # 

• samples 6-15 g. 6-34 g. 

* Gum-senegal is more difficultly soluble in water than gum-arabic, 
and its solution ft more slimy and gelatinous and coagulates with a 
number of chemical reagents, for which reason match heads prepared 
with this gum are often not very cohesive. • 

(c) G um-tragacanth comes into commerce in many different varieties. 
It is tasteless and inodorous, transparent, horny, and tough, so that it is 
difficult to powder. Only a small part actually dissolves in water; for 
the most part, it swells up, forming a mucilage, which is not sticky, but 
nevertheless is highly adhesive, and can be mixed with water if in 
sufficient quantity. It is, therefore, added to the igniting composition 
for matches (especially safety matches) in small quantities, firstly, in 
order to keep the heavier particles in suspension, and secondly, to 
impart greater hardness to the glue or gum-mass after drying, and thus 
to protect itffrom climatic influences. 

It is advisable to dry the tragacanth very thoroughly, as this renders 
it more brittle, and facilitates the grinding. It should be coarsely 
ground, because it then dissolves more readily, or rather, swells more 
uniformly and quickly, and is, therefore, more efficacious. 

Powdered tragacanth gives a turbid mucilage with 50 parts of water, 
and this is coloured yellow by sodium hydroxide, when the mixture is 
heated for a short time on a water-bath. At ordinary temperatures, 
both powdered tragacanth and the mucilage prepared from it remain 
completely colourless for hours, on addition of sodium hydroxide. 
(Reuter. 2 ) 

A cheap substitute for tragacanth, discovered by Boschau,.is a 
mixture of 20 parts of starch, 6 parts of glue, and 2 parts of glycerin, 
boiled in water, which is stated to be quite as efficient as tragacanth in 
iSs action. 

1 Chem, 1890, 14*665. ^ A polk. ZtiL, 1890, p. 628. m 
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3. f Starch. 

(The methods of examination are given in Vol. III.) 


4. Dextrin. 


Dextrin is obtained by the treatment of starch with dilute acids, or 
by prolonged heating to from 200° to 2ro°. It forms a white, yellow, 
or brown powder, according to the method of preparation and the 
temperature employed, and should be completely soluble in water. 
The presence of any maltose, which is recognisable by its sweet taste, 
renders the dextrin useless for the manufacture of matches, since 
maltosg makes the match heads hygroscopic and ultimately incap- 
able of ignition. White dextrin is almost useless for this purpose, 
the most suitable apparently being of a light brown colour. 
Dextrin should not be hygroscopic, it should be inodorous, insipid- 
in taste, and should form a mobile powder which is easily soluble 
in water. 


# The aqueous solution should be colourless, completely clear, and 
neither acid nor alkaline. It should give no blue or violet colour with 
iodine solution, no turbidity with lime water, and no precipitate with 
tannic acid and baryta water (soluble starch), or with lead acetate.. 
When heated on platinum foil, it should burn without any residue. A 
blue or violet coloration with iodine indicates unaltered starch or soluble 
starch. The presence of lime is detected by the addition of ammonium 
oxalate, oxalic acid by lime water, gum-arabic or mucilage by lead 
acetate. 0 

Hanofsky 1 recommends the following procedure for testing com- 
mercial dextrin : — * 


I. Determination of the Constituents Soluble in Cold Water. Twenty- 
five grams of the substance are shaken with cold water in a flask of 
500 c.c. capacity, filled to the mark, allowed to settle, filtered through a 
olded filter, and the solution used for the determination of maltose, 
dextrin, and acidity. The maltose is best determined gravimetrically by 
Fehhng’s solution, the solution being boiled for five minutes. The 
so ution is diluted to a quarter of its original strength (10 c.c, Fehiing’s 
solution and 40 c.c. water). A preliminary determination is made, to 
etermine how much of the solution is necessary,to reduce 10 c.c. of 
Fehling s solution, and in the second determination, 1 to 2 c.c. less than 
t„ qu - ntlt y are taken and diluted until the whole volume is 57 to 58 
c.c ; ”3 parts of copper correspond to 100 parts of anhydrous maltose ; 
hence, when the solution is diluted to one-fourth, 113 parts of copper 
correspon to 91-3 parts maltose, or 1 part of copper corresponds Jjo 

- MltU *** ^' K ' Uchno1 Gewirkmuseums in Wien, 1889 .; Chem. Zeit. Rep., 1889 , 13. u$. 
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’ 0*808 ftjarts of maltose, from which the content of maltosl, M/per xoo g. 
of the original substance is calculated# For the determination of the 
dextrin, 50 c.c. of the solution (or 100 c.c. if the quantity of insoluble 
matter is large) are diluted to 200 c.c. and boiled gently under a regux 
condenser with 15 c.c. of hydrochloric acid of sp. gr. f *125 for two hours. 
The liquid is then neutralised in a flask of 300 or 500 c.c. capacity, 
diluted to the .mark, and the dextrose determined with Fehling’s 
solution. If the quantity of dextrose found in 100 g. of substance 
is D, the quantity of dextrin present in the original si^stance is 0*9 
(D-105 M), since 20 parts of dextrose correspond to 19 parts of 
maltose. The acidity is determined by titrating 50 c.c. of the solution 
with Njio potassium hydroxide, using phenolphthalein as indicator. 
A certain errcS* is introduced if the volume of the residue in th« flask 
is ^Qglected, but in most cases it is unnecessary to take this into 
account. If, however, the quantity of insoluble matter is very great, 
correction should be applied. If the specific gravity of the 
, residual starch be ^assumed to be i-6, the volume of liquid to be 

deducted from 500 c.c. is, V = ~^ where p is the quantity of starch in 

2$ g. of substance. If the quantity of starch is 40 per cent, this volume 
is only 6*2 c.c. 

m 2. Determination of the Insoluble Matter. This consists almost exclu- 
sively of starch. Two and a half to three grams of substance are boiled 
gently for two hours with 200 c.c. of water and 15 c.c. of hydrochloric 
acid of sp. gr. 1*125, whereby starch, dextrin, and maltose are converted 
into dextrose. The dextrose is determined with Fehling’s solution after 
neutralising and diluting to 300 or 500 c.c. If the quantity of dextrose 
found for 100 g. substance is D x , the percentage of starch is calculated 
as 0*9 (D l — D). 

If the moisture, determined by drying at no 0 , is W per cent., 
and the ash A per cent, the quantity of “ other organic compounds ” 
is ; — 

100 - (maltose 4 * dextrin 4 * starch + W + A). 

W. Jettel obtained. the following results in several dextrins by this 
method ; — * 



m 

Htarch. 

Water. 

Ash. 

Other Organic 

Acidity, 
c.c. iV/10 

Maltose. 

Dextrin. 

compounds. 

potassium 

hydroxide. 

4-25 

47-78 

9**55 

10-11 

0*27 

2*04 

40*0 

10-90 

36-75 

43*20 

7-02 

0*39 

1*74 

26*6 

3-75 

29-46 

58*00 

6-85 

0*60 

1*34 

25*3 
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TESTING’ AND DIFFERENTIATION OF GUM-ARABIC, GUM-SElffEGAL, 

ASiD DEXTRIN 


* * # * 

Lieberjnann 1 gives the following procedure for this purpose 
* j_ External examination of gum-arabic which has "j 
not been artificially powdered. f See above. 

2. External examination of gum-senegal. . J 

•* 3 , v Both forms of gum are completely soluble in water; only particles 
of wood remain behind, which are generally reddish in the case of gum- 
arabic, and blackish in the case of gum-senegal. ^Thcsp particles of 
wood are found even in very pure specimens of gum. Other varieties 
of gum, as, for instance, that of the cherry tree, dissolve only partially 
in water. A swollen mass remains behind, which dissolves only on . 
prolonged boiling or very long digestion. ^ » 

4. The aqueous solutions of both sorts of gum give a bluish pre- * ^ 

cipitate with potassium hydroxide and a few drops of copper sulphtfKT 
solution ; but this is much more pronounced in the case of gum-arabic,, 
and collects in large flakes which rise to the surface in the test tube, 
whereas the precipitate obtained with gum-senegal is less pronounced, 
and consists of small flocculi, which remain more uniformly distributed 
throughout the liquid. These precipitates dissolve but slightly on 
warming, and no reduction occurs even on vigorous boiling. ” 

5. Solutions of dextrin also give bluish precipitates with potassium 
hydroxide and copper sulphate, which do not dissolve on shaking in 
the cold, but dissolve completely on heating, giving rise to clear, dark 
blue liquids. On boiling for some time, complete reduction of the 
copper oxide occurs. 

6. On prolonged heating with dilute potassium hydroxide in a test 
tube, solutions of gum-arabic and dextrin become amber yellow, whereas 
solutions of gum-senegal are scarcely coloured, or assume only a faint 
yellow tint. 

7. Mixtures of gum-arabic and gum-senegal behave towards 
potassium hydroxide and copper sulphate solution in the same way as 
gum-senegal alone ; on boiling with potassium hydroxide alone, however, 
they behave like gum-arabic Solutions, the liquid becoming amber yellow. 

8. Solutions of friixtures consisting of gum-arabic and dextrin behave 
like gum-arabic towards potassium hydroxide and copper sulphate, as 
regards the appearance of the precipitate. On bailing for some time, 
however, reduction takes place, if the quantity of dextrin is not too 
small. _ The same applies to mixtures of gum-senegal and dextrin, 

'9. If the quantity of dextrin be too small, the reduction may not 
take place. In such cases, the precipitate obtained with potassium 
hydroxide and copper sulphate must be filtered off, after moderate 

1 Chem, Zeit n 1899, 141 665. 
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•warming. The filtrate, which contains no gum, but is itill somewhat 
milky and turbid, is boiled. A distinct separation of red cuprous oxide 
(or yellow hydroxide) shows the presenoe of dextrin. 

io. The s separation must be carried out in the same way when 
mixtures of both sorts of gum with dextrin are uader investigation. 
The copper precipitate, containing the acid gum products, is washed 
with distilled w^ter, dissolved in hydrochloric acid, and this solution 
precipitated with excess of alcohol. The precipitate is allov^d *to 
subside for one and a half to two days, the liquid then Recanted, and 
the transparent disc of gum, which remains at the bottom of the vessel, 
washed with alcohol. The small quantity of alcohol remaining behind 
is allowed to evaporate ; or, the gum is dissolved directly in hot water 
and the aqu<&us solution tested for gum-arabic or gum-senegal, as 
inch^ed in Nos. 4, 6, and 7. 

The Examination of Gum-arabic can also be carried out as 
TCTtows : — 

, A. Appearance 6f the gum, according to 1 and 2, if the gum has 
not been pulverised. 

B. Solution of the powdered substance in luke-warm water. Obser- 
vations as in 'No. 3. If the substance dissolves only partially, leaving a 
swollen gelatinous mass, it consists of cherry gum or a similar gum 
^gummi nostras”), or of a mixture containing such gums. If the 
substance dissolves, all but a turbidity and a few particles of wood, 
proceed to : — 

C. The aqueous solution is treated with excess of potassium 
hydroxide and some copper sulphate, gently warmed, and filtered : — 

(a) The Filtrate , which may contain dextrin, is tested according 

to No. 9. d 

(b) The Pftcipitate is examined as in No. 10. If the aqueous solution 
of gum acids, prepared as described in No. 10, be treated with an excess 
of potassium hydroxide and some copper sulphate added, a precipitate 
results, which either agglomerates and rises to the surface, or remains in 
the form of small flakes uniformly suspended throughout the liquid 


Precipitate Agglomerates. 
Gum-arabic. 

(The aqueous solution becomes 
amber yellow on treatnient with 
potassium hydroxide.) 


Precipitate does not Agglomerate. 
Gum-senegal, or a nttxture af gum-senegal 
and gum-arabic. 

(The aqueous solution is boiled with 
potassium hydroxide.) 

Amber Yellow No Colour ^or Pale 

Colour. Yellow. 

Mixture of gum- Gum-senegal. 

arabic and 
gum-senegal. 
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Detetfion %f Gum-substitutes } Of late years, good, strongly ^dhesivfi 
gums have come on the market only in small quantities and at high 
prices. As a consequence, substitutes have been sought for, and. have . 
been exported in large quantities from South America, Australia, etc. 
Some of these have served the purposes of gum satisfactorily ' for. 
some technical uses; they proved to be easily soluble, but were all 
inferior to genuine gum-arabic in adhesiveness. Soijie kinds, however, 
afthqpgh of inviting appearance, proved to be quite insoluble, only 
swelling up when placed in hot water. It has been pointed out 2 that 
such gums could be rendered soluble by boiling under high pressure. 
This is probably correct, but gum so dissolved possesses a very inferior 
adhesive power, not even equal to that of starch paste; it could, 
therefore, be only used for thickening purposes; cvtn in this case 
starch or tragacanth is greatly preferable. ^ • 

As long as such gum-substitutes came in the unmixed state into * 
the market, they were easily recognised. Recently, however, 3TSS? 
products have been ground to a coarse powdei* and mixed with a» 
equal part of genuine gum-gheziri and sold as granulated gum. A 
simple solution test does not show the presence of substitutes, since the 
swollen gelatinous particles of the substitute remain suspended, and 
are completely invisible. In order to detect such adulteration with 
certainty, the following simple method may be recommended. 

The suspected gum is covered with ten times its quantity of hot 
water, and allowed to stand for three or four hours, with frequent 
stirring. When the insoluble matter has subsided, half the liquid is 
poured off, replaced by the same quantity of cold water, and again 
well stirred. This process is repeated twice within an hour. The last 
mixture separates after short standing into twp parts, the upper layer 
consisting of water, and the lower layer of a gelatinous, hfighly refractive 
mass. In this way, the presence of cvefl 5 per cent, of adulteration 
can be detected with certainty. 

E. COLOURING MATTERS 

Red lead, manganese peroxide, ochre, umber, smalt, ultramarine, 
and various coal t#.r dyes are employed. 

m 

IV.— Materials for the Striking Surface 

These are the same as for the match compositions. Manganese 
peroxide, the sulphides of antimony, powdered charcoal, amorphous 
phosphorus, potassium chlorate, glass powder, etc., as frictional 

1 C/„ A. Jaksch, Chem> Zeit. } 1891, 15, 77, 

2 Chart. Zeit. , 1887, II, 1566 ; Chart. Zeit. Rep. , 1888, 12, 203. 
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nfaterials ; chalk, etc., as filling materials; umber and the lij|e as/colour- 
ing matters ; glue, gelatin, and dextrin as finding materials. (See III., 
A to E, pp. 528 et seq.) 

• 

. " V.— Match Compositions 1 . 

A. COMPOSITIONS FOR MATCHES WHICH STRIKE ON ANY 

SURFACE 2 

1 his class includes not only the matches which in some countries 
are still made .with ordinary phosphorus, but also matches free from 
phosphorus, and those which contain red phosphorus, or a phosphorus 
and sulphur compound. For a great number of years attempts have 
been made to elitninate the use of phosphorus, also of especial striding 
surfacg^ltany of the proposed substitutes for phosphorus, however, 
have beentoo expensive, some too little inflammable, some too unstable, 
*a!T 5 “ 5 ome only available for paraffined matches. 

• In those match ccftnpositions which contain no white phosphorus, 
sulphur is mixed with such substances as amorphous phosphorus, 
phosphorus sesquisulphide, antimony sulphide, thiocyanates, and 
cyanides of metals, etc.; or easily inflammable substances, like char- 
coal, the salts of fatty acids (stearates), carbon compounds, such as 
naphthalene and phenanthrene, as well as shellac and resins. As 
oxidising agents, besides those already mentioned, such as potassium 
permanganate and nitro-compounds, guncotton, aromatic nitro-com- 
pounds, such as trinitrophenol (picric acid) and picrates, have been tried. 
These last substances are explosives ; their properties are described in 
this Vol., p. 508. So as to retard the combustion and to ensure a 
complete ignition of th§ composition, a small quantity of a complex 
metallic cyanide, such as Prussian blue, Turnbull’s blue, or even the 
material used in gas purification, is added ; this contains free sulphur, 
thiocyanates, and complex metallic cyanides. 

Rossel gives the following two recipes for the preparation of match 
compositions: — (1) 10 parts of potassium chlorate, 7 parts of pure and 
freshly precipitated lead thiosulphate, 2-5 to 2*9 parts of antimony 
trisulphide, 025 parts of gelatine. (2) 300* parts of powdered glass, 
120 parts of manganese peroxide, 160 parts of potassium bichromate, 
and 90 parts of flowers of sulphur ; these are mixed together in water 
and finely ground. In^another case, 300 parts of gum-arabic and 210 
parts of glue are dissolved in water, and 1800 parts of well-powdered 
and sieved potassium chlorate are added ; the following substances are 
then added consecutively, each being finely powdered : — 600 parts of 
lead thiosulphate, 450 parts of red lead, and 25 parts of barium thio- 

^or further details, cf. Muspratt, Handbuch der technischen Chemie , 1907, 10, pp. 707 et seq. 

3 Cf. E. G. Clayton, ** Matches,” DicU Appl Chem 1911, vol, ii. * 
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sulph#e. iRossel gives particulars also of the following composition, 
containing red phosphorus :*-4£o parts of potassium chlorate, 100 parts 
of potassium bichromate, 75 parts of powdered glass, and 60 parts of. 
sulphur (washed flowers of sulphur or powdered roll-sulphur), 25. parts 
"of caput mortuwn (iron oxide), 7 to 8 parts of red amorphous ‘phos- 
phorus, no parts of gum-arabic, and 30 parts of gum-tragacanth. 

Craveri 1 has proposed the use of persulphocjtanic acid, which is 
* supposed not to react when hammered or rubbed, is claimed to be 
no’n-poisoyous, from every point of view to be quite harmless during 
the manufacture of the match compositions, an^i to be cheaper than 
phosphorus. 

The composition made by Bohy, Gallay, & Co., of Nyoiy 2 con- 
tains salts of hypophosphorous acid, mainly the* calcium salt, in* 
place of ordinary or amorphous phosphorus. Calcium, and 

strontium hypophosphite only ignite at a high temperature ; if, ho weve r, 
they are mixed with potassium chlorate or nitrate, or any 'other 
oxidising agent, ignition takes place very reafiily. This composition 
is made as follows: — 210 g. of glue and 30 g. of gum-tragacanth are 
allowed to softon for twelve hours in water, then warmed and boiled ; 

25 g. of turpentine are added, then x kg. of potassium chlorate, 200 g. of 
sulphur, 130 to 200 g. of a hypophosphite (calcium, barium, or strontium 
salt), 5 to 10 g. of potassium bichromate, 125 to 150 g. of barium 
chromate, 200 to 250 g. of powdered glass, and xo g. of colouring 
matter. Another composition can be obtained by the further addition 
of 150 g. of naphthol yellow, or in place of this, 100 g. of picric acid. 

For the so-called “ Imperial ” composition, used in Germany 
(Schwiening’s composition), 3 see p. 5 34. 

Older formulae show that early attempts. were made to use com- 
pounds of phosphorus and sulphur, but that owing fo their too easy 
inflammability, the use of the liquid sulphides, or supposed sulphides of 
phosphorus, was considerably restricted. Even before Sevene and 
Cahen (p. 531), Bals 4 had recommended fusing together sulphur and 
red phosphorus, but the result was not equivalent to phosphorus 
sesquisulphide. The Sevene- Cahen process was taken up by the 
French Government, ancf it is said that the French public did not 
notice any difference, on the introduction of the so-called “ S. and C." 
matches, containing this substitute for phosphorus. 

The “ S. and C.” composition varies, according to whether it is to be 
used for paraffined or sulphured splints, or for waxed threads. The* 
ordinary composition is as follows : — 6 parts of phosphorus sesqui- * 
sulphide, 24 parts of potassium chlorate,* 6 parts of zinc oxide (zinc 

1 Eng. Pats. 18563 and 27520, 1897. 

2 Eng. Pat. 16037, 1898 ; Ger. Pat. 106734 f. 

3 Ger. Pat. 86203. „• * Ger. Pat, 89700. 
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white), 6 parts of red ochre, 6 parts of powdered glass, 6 pafts -c/ glue, 
and 34 parts of water. It is easy, by manipulation, to make these 
jrnatches either more or less inflammable.* The mechanical processes 
are much the same in this case as in the case of phosphorus matches. 

„ For some years past, “ strike-any where ” matches have been success- 
fully manufactured in Great Britain, on a very large scale, with 
phosphorus sesquisijphide compositions. 

The Chemische Fabrik Griesheim-Elektron has placed bn ^he 
market a product, 1 called “ Sulfophosphit,” which consist/ of zinc, 
phosphorus, and sulphur. It is stated that both paraffined and 
sulphured matches can be made with this substance, with any required 
degree^ of inflammability. “ Sulfophosphit ” is claimed to be more 
stable, under atnfbspheric influences, than red phosphorus and ph*>s- 
phorus^gguisulphide ; the cost also is alleged to be low. 2 

•The basis of another dipping composition, made by R. Gans, 3 is a 
mixtifre of “sulfocuprobariumpolythionate” and potassium chlorate. 
The composition is said 0 to be comparatively insensible to warmth, and 
to keep for a long time. The splints, after dipping, are coated with a 
spirit or water varnish. This new composition is said to be more 
inflammable than that of Schwiening. 

If COMPOSITIONS FOR SAFETY MATCHES WHICH REQUIRE A 
SPECIAL STRIKING SURFACE (SWEDISH MATCHES) 

Brown Safety Match Composition (Kellner). One hundred and fifty 
parts of gum-senegal are dissolved in 200 parts of water, and at the 
same time 20 parts of powdered tragacanth are digested in 300 parts of 
water for twenty-four hours ; these solutions are united and boiled, and 
100 parts of powdered and sifted potassium chlorate introduced. To 
this is added a "finely powdered and thoroughly mixed mixture of 125 
parts of potassium bichromate, *30 parts of sulphur (crushed roll-sulphur 
or washed flowers of sulphur), 33 parts of antimony trisulphide, 50 parts 
of powdered colophony, 200 parts of minium or of lead peroxide, 100 
parts of umber or terra di Sienna, 100 parts of powdered glass or 
powdered pumice stone, and lastly 1 50 parts of hot water. 

Composition for the Striking Surface. Four hundred jDarts of dextrin 
are mixed with 400 parts of water, boiled, and allowed to Cool ; with 
this Is mixed a thin paste of red phosphorus, which has been *made by 
stirring 1000 parts of red phosphorus with 2000 parts of water, allowing 
•to stand, and pouring off the excess of water. Then, 200 parts of 
** prepared chalk (the mass swells up, owing to evolution of cari>on # 
dioxide), 300 parts of umber? and 1000 parts of finest powdered anti- 
mony sulphide are added, and the whole mixture passed through a mill 

f Ger. Pat 153188, 1902. 2 Cf. Allgem. chem. ZeiL , 1906, p.|07. 

* Ger. Pat 157424, 
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On^.Gco*nt of the prohibition of the use of phosphorus ip Switzer- 
land, Rossel prepared the following composition : — Ten parts of gum- 
arabic, 300 parts of gum-tragacanth, 53-8 parts of potassium chlorate, 6 , 
parts of -caput inortuum , 12 parts of powdered glass, 5 parts of potassium' 
bichromate, 3 parts of sulphur, 1-2 parts of chalk or colophony, and £ 
parts of manganese peroxide. The striking surface for this composition « 
consisted of 5 parts of antimony sulphide, 3 parts pf amorphous phos- 
phorus, 1 \ parts of manganese peroxide, and 4 parts of glue. 1 

A phosphorus-free striking surface, recommended by Craveri, 2 on 

which any safety match will ignite, is made up as follows : Two parts 

of a thiocyanate compound, 1 part of persulphocyanic acid, 0-5 parts of 
potassium xanthate, 4 parts of antimony sulphide, and, as a bjnding 
material, 1 part of gelatin. . * 


VI.— The Chemical Examination of Match Composition,*.!* 

The composition, when examined under the magnifying glass 
should be as uniform as possible, and it is important that no particles of 
phosphorus should be visible. 

The following method of examination is recommended by Bolley, 2 
for the purpose of determining the constituents of a match composition. 
The matches are placed in water at a maximum temperature of 2 o“*in 
a porcelain basin, the swollen heads removed by mechanical means, and 
after haying been broken up under the water, digested and continually 
stirred (in the absence of phosphorus, the mixture can be boiled) and 
then separated by filtration. 

. I- The fiItrate * which may contain potassium chlorate, potassium 
nitrate, lead nitrate, potassium chromate, potassium ferrocyanide, gum 
glue, and dextrin, as well as other substances that are Sblubie in water’ 
is divided into several portions. One of these is tested for lead, another 
lor chlorate. Another portion is evaporated and ignited ; if the residue, 
on moistening, gives an alkaline reaction, a nitrate is present. Ferro- 
cyanic acid is tested for with a ferric salt. To determine the presence 
of gum or glue a rather larger portion of the same filtrate is evaporated 

in atuhe SS «r h *° dlUm ^ roxlde >, on heatin g a portion of this residue 
m a tube, fche presence of glue or albuminous matter is indicated by the 

dtheTbv^mT 0013 >k’ w Ch l? bC te$ted for in the usua! ™nner, 
either by smell, or with hydrochloric acid, of with turmeric paper 

ScotT rt ^ preci f p i tated frora solution, on the additfon of • 
The presence of dextrin in the solution is determined by the 1 

of a so,ution “■ — > ■ p* 


ft Ja !£ bseD > Chem. techn. Repertorium , i88x, I, jco. 
C/^Muspratt’s Handbuch dcr Uchniscfon Ckemu, yoL 


x. 


Ger* Pat* 114379.* 
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• 2. The residue on the filter paper is digested with alcofcol,- as to 
extract stearic acid, paraffin and resins. T^o extract wax, it is necessary 
fc to boil with the alcohol ; this is not permissible, however, in the presence 
of phosphorus. The alcoholic filtrate, after evaporation, yields a 
substance, from the consistency, fusibility, etc. (solubility in ether, 
fractional crystallisation, and melting point), of which, conclusions can be 
drawn as to the nature of the residue. If phosphorus be present in the 
residue, it can be removed before the digestion with alcohol, By treat- 
ment with nitric acid, when it is converted into phosphoric # acid, which 
is recognisable by the usual means. 

Matches containing phosphorus become luminescent in the dark, 
and when moistened with water give the characteristic smell of phos- 
% phorus. • . # 

3* Tbft original residue, which remains after the digestion with water, 
will evoTv^%hlorine on heating with hydrochloric acid, if lead peroxide, 
laad, or manganese peroxide be present; the smell of sulphurous 
a<^id denotes sulphites, end lead, manganese, iron, and antimony can be 
tested for in the residual solution. The presence of lead peroxide, or of 
red lead, is recognised from the colour of the match head. Ochre 
remains partly, and smalt completely, undissolved ; both can be recog- 
nised with the blowpipe, whereas ultramarine is decomposed by hydro- 
chloric acid, evolving sulphuretted hydrogen. Charcoal, sand, and 
powdered glass remain undissolved in hydrochloric acid, and can be 
identified with a magnifying glass; sulphur can be recognised by its 
colour, by the smell on burning, or it can be extracted with carbon 
bisulphide. 

In the older literature, very little is to be found upon the subject of 
the examination of matches, especially as regards tests for inflam- 
mability, hygro»opicity, etc. Their behaviour when in use was regarded 
as sufficient Even in more reeent literature, there is not much informa- 
tion on these matters. But in consequence of the prohibition of the use 
of white phosphorus in various countries, new match compositions are 
now coming forward, and their chemical and physical examination will 
become necessary. 

There are but few published accounts of recent work ; mention may 
be made of that of WIederhold, 1 H. Schwarze 2 and B. Schulze ; that 
of the last deals with the inflammability, after-glow, etc., as well as with 
the utility of different kinds of matches. 3 T. Schlosing has done some 
% work on the gases given off on the combustion of compositions con- 
• taining red phosphorus, and sulphur compounds of antimony and lead. 
The most recent work is tha^of K. Fischer. 4 

1 Dingi poiyt . /, i86r, r6i, 221, 268 • 1862, 163, 203, 296. 

2 Ibid., 1876, 219, 243. 3 /£#., 1892, 283, 274. 

4 A rbeitm aus den Kaiser lit hen Gesundheitsamt. , 19, 305. 1 
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A. EXAMINATION FOR PHOSPHORUS 

The recognition of phosphorus is very much simplified by its power 
of luminescence in the dark; but in the case of a small' quantity of" 
phosphorus in a \jery large quantity of matter, for instance, in poisoning 
cases, either in a quantity of food, or in the stomach- contents, this 
luminescence does not show, even when friction is applied. The 
nlaterial ’is firstly examined for an odour of phosphoretted hydrogen, 
or for ozone, which would denote the presence of free phosphorus. 
Strips of paper, soaked respectively in a silver salt sqlution and in 
an alkaline lead solution, are hung up over the material for examina- 
tion. If phosphorus be present, the silver paper only will be blackened ; 
shoujd both papers turn black, the presence of sulphuretted hydrogen 
is proved, but not the presence of phosphorus ; that is to sa y thj? test 
for phosphorus fails in the presence of sulphuretted hydrogen, ^attempts* 
can also be made, by treating the matter with water, to collect •affjr p 
minute floating particles of phosphorus in a filter, and if this by 
successful, they can be oxidised by nitric acid to phosphoric acid and 
tested for in the ysual way. 

The following method, however, due to Mitscherlich, is the safest 
The mass is acidified with sulphuric acid, and distilled with steam, the 
vapours being passed through a vertical condenser ; if phosphorus be 
present, it is vaporised with the steam, and can be recognised as a 
luminescent ring, which moves up and down in the condenser. The 
test is conducted in a darkened room ; it is possible by this means to 
detect o-oooo i parts of phosphorus. It is often possible to find small 
particles of phosphorus in the distillate, and to obtain the test for 
phosphorous acid. The phosphorus and phosphorous acid are treated 
separately with strong chlorine water, and thus oxidisedwto phosphoric 
acid, which is estimated in the usual manner with magnesium sulphate, 
ammonia, and ammonium chloride, as magnesium ammonium phosphate. 

Care must be taken in carrying out this test, that alcohol and ether, 
should they be present, do not prevent the luminescence of the vapours. 
Turpentine and other volatile oils, as well as phenol and creosote, often 
completely prevent it ; furthermore, red phosphorus does not produce 
this luminescence* but mixtures of sulphur and phosphorus, such as are 
found in match heads, will cause it. According to PolstorfT and 
Mensching, 1 the luminescence is also hindered by the presence of 
mercury salts. Copper salts and sulphuretted hydrogen also are said 
to interfere. Even after continued distillation, the whole of the phos- 
phorus will not be found in the distillate ; p. Schifferdecker calculates 
that for every mflhgram of phosphorus in the distillate, the original 
substance contained 1-5 to 2-0 mg. 

1 Ber., 1S86, 19, 1763, 
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Thejpresence of potassium chlorate in match competitions greatly 

interferes with the testing for phosphorus, a subject which has been 

. especially examined by K. Fischer . 1 *To determine to what extent 

potassium chlorate prevents Mitscherlich’s test, small quantities '■of 

• ordinary phosphorus were mixed with varying quanfities of potassium 
chlorate, and distilled with dilute sulphuric acid ; it was found that the 
phosphorescence ^ceased immediately the dilute sulphuric acid com- 
menced to react on the potassium chlorate, liberating chlorine 4 com- 
pounds. In such instances a very faint phosphorescence was often 
visible at the very # commencement of the distillation, but this ceased 
in a very few seconds, so that it could only be seen by making a very 
care/ul observation. In one experiment 0002 g. of phosphorus were 

. distilled with fo c.c. of water and 10 c.c. of dilute sulphuric acid ; a 
stroag^Jumincscence was visible during the whole period, about an 

# hour, oi^he distillation. If, however, 1 g. of potassium chlorate was 
adeffed to these same quantities, the phosphorescence was visible for 
±>arely five seconds.* Phosphoric acid could be detected both in the 
distillate and also in the residue in the flask. From these, and from 
many other experiments in which the quantities of phosphorus, 
sulphuric acid, and potassium chlorate were varied, and which all gave 
the same result, it is clear that in the presence of potassium chlorate, 
it is very easy to miss phosphorus by Mitscherlich’s test The non- 
appearance of luminescence is undoubtedly due to the fact that the 
chloric acid liberated from the potassium chlorate by the sulphuric 
acid, oxidises the phosphorus to phosphorous or phosphoric acid, before 
the phosphorus can volatilise. 

To prevent the formation of chloric acid, in testing match com- 
positions for phosphorus by Mitscherlich’s method, it is advisable to 
wash the sample several times with cold water, so as to eliminate the 
chlorate, before distilling, ff substances soluble in water are to be 
determined, the two tests can be combined. The washing with water, 
which occupies some time, can be avoided by using tartaric acid for 
the distillation instead of sulphuric acid; this does not influence the 
phosphorus test, even in the presence of potassium chlorate. 

Another means of detecting phosphorus, described by Dusart 2 and 
Blondlot , 8 is based on the fact that small quantities of phosphorus, also 
phosphorous acid and silver phosphide, give with nascent* hydrogen, 
phosphoretted hydrogen, which can be recognised in the hydrogen flame, 
** |)y the emerald green colour, which it imparts to it ; the whole flame 
* becomes green, as soon as a porcelain basin is held in it. The hydrogen 
must of course be free from* sulphuretted hydrogen, and for this purpose 
is passed through a tube containing pumice-stone soaked in potassium 

^ rhiiten cuts dent Kaisetlichcn Gesundheiis<zntt f 19, 3^7* f 

8 Iahresher. d, Chemit , 1856, p. 724* * diid., 1861, 821 ; Z. aval. Chem 1861, I, 129^ 

* TT - . 3 N 
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hydroxid^,- before lighting, otherwise the flame would appear blue 3 
also the gas exit-tube should have a platinum-covered tip, as the 
sodium contents of the glass* will otherwise colour the flame. .The 
substances containing phosphorus must not be introduced directly 
into the hydrogen-generating mixture, as they easily prevent the 
formation of the green flame. But the phosphorous acid or*phosphorus 
particles obtained by Mitscherlich’s test, can be introduced into a 
suitable mixture of zinc and dilute sulphuric acid ; or silver phosphide, 
which is obtained as a black powder by heating the acidified phos- 
phorus-containing matter in a current of carbon dioxide, and passing 
the gas into a solution of silver nitrate, may be so introduced. The 
green flame appears in the presence of the smallest trace of phosphorus, 
and, according to Christofle and Beilstein, gives a spectfum with three 
green lines, of which the two strongest are in the green, an/i, the 
weakest in the yellow. Dusart’s test has been modified b^Balmon 
in such a manner that the whole of the organic matter contaiirfng" 
phosphorus is treated with hydrogen. The gas *Ls passed through a, 
long, drawn-out glass tube, bent upwards at right angles, and is lighted 
at the end; if a narrow glass tube is pushed over the jet, the flame 
shortens, and appears green, for the whole length of the tube, and when 
the tube is pushed down further, the flame shortens still more, becomes 
dark blue, and if the glass tube is slowly drawn away at this moment, 5 
magnificent emerald-green flame-ring appears, passing up the tube with 
greater or less velocity. The phosphorus-charged hydrogen, generated 
in this way, luminesces in a dark room, without the gas being ignited. 

Other methods for the detection of phosphorus in organic sub- 
stances have been described by Nicklos 1 and Bastelaer. 2 

With regard to the period during which phosphorus will remain 
in organic matter and can be tested for, Medians 3 gives"the following 
data : — Neumann found phosphorus in a edrpse after it had been buried 
for fourteen days. Dragendorff mentions a case, in which he was 
able to detect phosphorus in the secretions in a corpse that had been 
buried for several weeks and afterwards exhumed. Fischer and 
Muller were able to detect phosphorus in the body of a guinea-pig, 
which had been buried for eight weeks. On the other hand, Herapath 
was unable *to detect a trace of phosphorus twenty-three days after 
death; Brandes could find no phosphorus in the corpse of a child 
after three weeks, but could detect its acids. Medicus was able to 
detect phosphorus for half an hour by Mitscherlich’s test twenty-three 
days after poisoning ; the sulphuric acid solution, after filtering, gave 

a gas containing phosphorus on treatment with zinc and hydro- 
chloric acid. J 

1 g ami. Chem. , :87c, 9, 71. a A r.Jakrtdtr. d. Pharr*., 40, p. 34. 

s Z* anaU Chem, y i88o } 164. 
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B. TESTING FOR ORDINARY PHOSPHORUS IN MAtCH*HEADS 

Prohibition of the Use of White Phosphorus. — Subsequent to • 
con erences held at Berne in 1905-6, certain European countries dis- 
continued the use of white phosphorus in the manufacture of matches. 

In Germany a law relating to the use of phosphorus was passed as 
early as 1903, aijd subsequently the law that white phosphorus should 
cease to be used for the manufacture of matches after 1st Jahuary i§o 7 
was approved. The United Kingdom for a while held back,' but in 
1908 British .manufacturers and holders of patent rights in substitutes 
or phosphorus decided to stop using white phosphorus, provided that 
the importation of white phosphorus were prohibited. Accordingly the 
“White Phosphorus Matches Prohibition Act (8 Edward VII., 1908, 
char ^r 4 2) ” was passed on 21st December 1908, and came into force 
on isT'j&nuary 1910. 1 According to this Act : — “ It shall not be lawful 
foi«any person to use white phosphorus in the manufacture of matches, 
ind any factory in which white phosphorus is so used shall be deemed 
:o be a factory not kept in conformity with the Factory and Workshop 
^ct, 1901. ... It shall not be lawful for any perscua to sell or to offer 
)r expose foi sale . . . any matches made with white phosphorus. . . 
t sha11 _ not be lawfu l to import into the United Kingdom matches 
nade with white phosphorus, and matches so made shall be included 
imong the goods enumerated and described in the table of prohibitions 
md restrictions contained in section 42 of the Customs Consolidated 
\.ct, 1876.” 

Detection of White Phosphorus. — It is now necessary, therefore, 

0 test for white phosphorus in match heads, in cases where its 
resence is suspected. ^ Hitherto no exact method has been advanced, 
uitable for tfcte detection of white phosphorus under all conditions. 

On the one hand, the examination of phosphorus sequisulphide, 
'hich is frequently present, is, according to Friedheim, 1 difficult’ 
ecause the sulphur-phosphorus compounds gradually decompose into 
impounds containing less sulphur, with separation of white phosphorus ; 
ad on the other hand, the detection of phosphorus in matches in 
resence of potassium chlorate cannot be tarried out by the ordinary 
lethods of analysis. * 

In some cases, it is possible, when examining match beads stated 
’ contain no white -phosphorus, and to which no white phosphorus 
is been added as such, to demonstrate the presence of this 
ibstance, yet it cannot be ascertained whether it was adc^ed, or 
hether it was re-formed from phosphorus sesquisulphide. Again, 
other cases, no phosphorus may be detectable, notwithstanding 
9 1 Ci/, Soc. Chem . Ind 1909 , 28 , 43 . 

2 JTAftA n. ^ - j , ,yj s-<r 
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its presences because the test sometimes fails in presence of potassium 
chlorate (cf. p. 561). r " 

To test for ordinary phosphorus, at least twenty-five match heads' 
are placed -directly in a Mitscherlich apparatus, with 50 c.c. of water 
and 10 c.c. of dilute sulphuric acid. The mixture is heated over 'a 
flame, without the introduction of steam (cf. p. 560); if potassium 
chlorate be present, the phosphorescence may not appear (cf. p. 561); 
but on fhe other hand, phosphorus sulphide is capable of producing a 
luminescence, .which, though different from that caused by phosphorus, 
may be mistaken for it. 1 In the first case, either the substances soluble 
in water, including the potassium chlorate, must first be removed from 
the match heads with cold water, or the test must be carried out with 
tartaric acid. * 

To test for ordinary phosphorus in the presence of phosyjjerus 
sulphide (phosphorus sesquisulphide, P 4 S.j), the following procclSSjutie to 
R. Schenck and E. Scharff, 2 can be employed. This method is ba.fed 
on the property of ordinary phosphorus, when oxidised to phosphorus , 
trioxide, of ionising the air, which then becomes capable of conducting 
electricity. Phosphorus and sulphur compounds, even if they 
luminesce, do not produce this effect. 

The apparatus employed 3 (Fig. 78) consists of two parts, connected 
by a glass tube, viz., the vessel a, for generating the phosphorised air,'' 
and the electroscope b. The former is a test tube with a side connec- 
tion, and a ground glass stopper, through which the air delivery tube 
passes, reaching nearly to the bottom of the test tube. To the side 
connection is attached a glass tube by means of rubber tubing, which 
delivers the phosphorised air to the cylindrical condenser c, the 
removable top d of which carries the electroscope. Within the outer 
cylinder c is an insulated, cylindrical test electrode suspended from 
the electroscope. * 

The phosphorus oxidation products are prevented from entering 
the inside of the electroscope case b, from c, by two insulated plates, 
which can be removed and cleaned, and through which the carrier of 
the test electrode passes and fits closely. A small piece of sodium is 
put in c to prevent ^access of moisture. A rod, by means of which the 
test electrode can be charged, passes through the lid of the cylinder c, 
which is welL insulated and has a properly insulated handle. 

To charge the electroscope, the rod is pushdti down close to the 
test electrode, and a Zamboni’s dry pile brought up to it and then 
removed ; after charging, that is, when the aluminium leaves of the 
electroscope are apart, the rod is drawn up again. 

1 Cf. J. Mai and F. Schaffer, Btr., 1903, 36, 870 ; also E. G. Clayton, Pioc. Chtm. Sac., tqoi, 
l8, 129; I 903 l 19 i 2 3 X- 2 g er-i igo6, 39, lc.lt. r 

* Made by^ink, of the Physiological Institute of the«Marburg University. 
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Ta # carry out the test, some of the match composition, fpr instance 
a few softened and ground match' heads, mixed with zinc oxide (to 
hold back sulphuretted hydrogen), are placed in the test tube a , which 
is surrounded by warm water at 5°° ; after the electroscope has tjpen 
charged, air is blown through about ten times successively with the aid 
of a rubber ball, or the air can be drawn through by means of an 
aspirator, care being taken to place a bottle of several litres capacjty, 
to catch any solid matter that might get sucked over, between the test- 
tube a and the cylinder c. • 

In the presence of the smallest quantities of ordinary phosphorus, 
the electroscope will be discharged, that is to say, the aluminium leaves 

is • 



F io. 78. 


fall together suddenly. Under normal conditions this takes place only 
slowly. The leaves ordinarily move through o-2 to 0-5 divisions of the 
scale in five minutes. 

The following method for the detection of white phosphorus in 
matches is based upon that of Aronstein. 1 One hundred or more 
match heads are moistened with water, and then boiled *with carbon 
bisulphide for two hdurs under a reflux condenser. The cooled extract 
is filtered through a dry filter paper into another flask, and the carbon 
bisulphide distilled off on a water-bath. The flask containing the 
residue is at once connected with an apparatus by which, firstly, carbon 
dioxide, and secondly, dry air can be introduced. While the current of 
carbon dioxide is driving off the small quantity of carbon^ bfeulphide 
1 J Chem. Soc . Abstr, y 1906, p. 705. 
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remainingjn tl*e flask, the temperature of the water in which tip flask 
is immersed is gradually raised from about 15" to 30". The room 
having been previously darkened, dry air is admitted into the flask at' 
different and increasing temperatures, the current of carbonic acid gas 
meanwhile being aftnost entirely turned off Careful watch is kept for 
any sign of luminescence. If there be none at 30°, the temperature is 
gradually raised. In most cases, when white phosphorus is present, 
luminescence is seen below 35 0 ; very occasionally it may first appear at 
as high a temperature as 55 0 . The glow temperatures observed in two 
recent experiments (December 1910), with matches containing white 
phosphorus, were 23 0 and 25° (E. G. Clayton). The lowest limit of 
glow for phosphorus sesquisulphide, in the absence of white phos- 
phorus, is generally about 60 0 , 1 so that this process can*be applied to 
the detection of small quantities of white phosphorus in the presejape of 
considerable amounts of phosphorus sesquisulphide. ^ 

According to C. van Eijk, 2 a tube containing phosphorus sesqiii- 
sulphide is not luminescent below 70°, but if o-o? per cent, of white , 
phosphorus be present a glow appears below Co 0 . An alternative plan 
is to extract with* carbon bisulphide, evaporate off the solvent, and 
distil the residue with a solution of lead acetate. Sesquisulphide of 
phosphorus is decomposed, and luminescence appears only in the 
presence of white phosphorus. * 

T. E. Thorpes Sublimation Test for white phosphorus is carried out 
as follows 3 * : — A few grams of the match heads, or of the composition, 
are dried thoroughly over sulphuric acid in a desiccator filled with 
carbon dioxide, and transferred to a bulb of 25 c.c. capacity blown on 
the end of a tube 20 cm. long and 15 mm. in diameter. Dry carbon 
dioxide is introduced, the apparatus evacuated as«compIetely as possible, 
and the end scaled off. The bulb is then gently heated fSr two hours 
at from 40° to 60°. Phosphorus, if present, will be volatilised, and 
condensed in the upper part of the tube as a transparent, highly 
refractive sublimate of octahedral or dodecahedral crystals. It is 
claimed that this is the most trustworthy test for the presence of small 
quantities of ordinary phosphorus in the striking compositions of 
matches containiftgr phosphorus sesquisulphide. 


C. GERMAN' OFFICIAL DIRECTIONS FOR THE EXAMINATION OF 
MATCHES FOR ORDINARY PHOSPHORUS* 

The method adopted is less delicate than that of Mitscherlich, 
The small quantities of ordinary phosphorus present in the red 

1 In r ® cent experiments, E. G, Clayton has observed a very faint luminescence at 

Chem - W 6 ’ I][ *> 358 i Chem, Wee kb lad., 1906, 3, 367, 404. m 

0 3 J* Chenu Soc 1909, 95, 440. 4 JSrlass des Reithskanzlen , 25th December 1906, 

* . * f 
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lodifijation are not detected, whereby inaccurate conclusions are 
i/oidecl. . w * 

I. Introduction. — The following regulations apply to the examina- 
oh of : — * 

1. Red and light red phosphorus, as well as of compounds (mainly 
Aphides) of phosphorus, which are used in the preparation of match 
Depositions. 

2. Match compositions. * m 

3. Matches, as well as other combustible materials.^ Of the fore- 

oing, match compositions, matches, and other combustible materials, 
re all to be tested by the methods described under III., and if a 
ositive. result is obtained, to be further tested by the methods described 
ncleVlV. • • 

Red phosphorus is only to be tested for by the methods described 
tnder PM. In the examination of sulphur compounds of phosphorus, 
,t*d of light red phosphorus, the methods described under III. are 
lot to be used. • 

II, Preparation of the Sample. — The substance under examination 
s firstly, as far as is necessary, dried in a desiccator, until on moisten** 
ng with benzene it can be crushed up, so far as the avoidance of any 
langer of explosion will allow. In the case of matches, it is usually 
mnecessary to dry in a desiccator. The match composition is carefully 
icraped off with a knife ; if this be impossible, owing to the inflam- 
nability of the composition, the heads are cut off, as closely as possible. 
The substance thus prepared is boiled with benzene for half an hour 
mder a reflux condenser on a steam-bath. In the case of phosphorus 
md its compounds, 3 g. are taken and 150 c.c. benzene; for match 
:ompositions 3 g. and 15 c.c. of benzene; and in the case of matches, 
3 g. of the*~scraped heads, or 200 of the cut-off heads and 15 c.c, of 
oenzene. The resulting solution, which contains all the white phos- 
phorus, is filtered when cold, and used for the following tests, 

HI. Test with Ammoniacal Silver Nitrate.— One c.c. of the 
benzene solution is added to 1 c,c. of an ammoniacal silver nitrate 
solution, which is made by dissolving 17 g. of silver nitrate in 100 c.c. 

of ammonia, of sp. gr. 0*992. * • 

If, after the two solutions have been thoroughly shaken up and 
allowed to separate, no change, or only a pure yellow ^coloration of 
the aqueous solutionis visible, the absence of white phosphorus may be 
concluded. The colour should be judged directly after shaking and 
re-separation, and not after continued standing. . 

If, however, the aqueous solution is coloured red or brown, or 
contains a black, or blackish brown precipitate, the presence of white 
y light red phosphorus, or of sulphur compounds of phosphorus, is 

shown. If red phosphorus, is being examined, and thdreaction is 

A * * 
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' negative, ^white phosphorus is absent, and no further test is necessary.*' 

In every other'base, the remainder pf the benzene solution is treated as' 

follows. „ ' . 

IV. Luminescence Test for the presence of Ordinary Phos- 
phorus— A strip of filter paper io cm. long and 3 cm. wide is dipped 
in the benzene solution, and the excess of solution allowed to drip back., » 
The paper is then fastened to a wire hook attached to a cork, which 
fits- into a .glass tube 50 cm. long, and 4-5 cm. in diameter. This tube 

is clamped vertically, so that the 
lower end is 3 cm. inside the 10 
cm. wide inner chamber of a Victor 
Meyer drying oven. A thermo- 
meter is so fixed in the cork at The 
upper end of the tube, that the 
mercury bulb is 20 cm.^rom the # 
lower end of the tube. The oven r 
is filled with water, which is heated 
by a Bunsen or other burner, 
protected in such a manner, that it 
throws as little light as possible 
into the room. The whole heating 
apparatus is surrounded by a" 
cylinder of blackened tin, which 
carries a shade of blackened tin ; 
this prevents vertical and horizontal 
rays of light passing into the room. 

The arrangement of the apparatus 
is shown in Fig. 79. On inserting 
the cork that carriesr the paper, 
care must be taken that the paper 
does not touch the sides of the 
tube, and that the tube is not 
Fro. 79. moistened by the benzene. The 

cork carrying the thermometer 
and the paper has four cuts, down its sides, so that air can circulate 
freely in the^ube! ,The temperature of the current of air, during the 
experiment, should be from 45° to 50°; this can be regulated by 
lowering or raising the glass tube in the inner chamber of the heating 
apparatus. Under no circumstances should the temperature inside the * 
glass tube rise above 55.° , 

Theiest must be carried out in a darkened room, and care must be 
taken that no rays, either from outside or from the burner, reach 
the eye. 

It is furthermore necessary to accustom the eyes to the darkness 
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•for some minutes, before beginning the test, as other^se -the lumin- 
escence *wiU not be noted with the meqpssary certainty. T*he opera- 
tions before beginning the test are beat carried out by the help of a 
weak source of light, placed at the side of the operator. It is* important 
that all these points should be observed. * 

* Before the actual test, a test should be carried with a solution 
containing I mg. of phosphorus in io c.c. of benzene, to see that the 
apparatus is in good working order ; care should be taken* th&t the 
prescribed temperature is not exceeded. % 

After the. apparatus has been carefully cleaned, the actual test is 
carried out 

If, after two or three minutes, the strip of paper becomes luminous, 
whife phosphofus is present. The luminosity, as a rule, begins at the 
ends of the paper, and spreads to the centre. If larger quantities of 
• phosphors are present, equivalent to I mg. in io c.c. of benzene, or 
mo*e, the luminosity increases, and after a short time luminous clouds 
begin to rise from the paper up the tube. Sometimes serpentine lines of 
light begin to move from the bottom, top, or sides of the paper towards 
the centre, and after a short time the whole strip of paper becomes 
luminous. The luminous clouds appear also, but in this case slightly later. 

If, after two or three minutes, no luminosity appears, the test is 
Continued for a few minutes more, and should there be still no 
luminosity at the end of this time, the absence of white phosphorus 
is indicated. At the end of the test, a note of the temperature must be 
taken, and if it was over 55 ° when the luminosity appeared, the test 
must be repeated ; this also applies, if the result is uncertain, or if the 
luminosity appeared too late. 

V. Test for the presence of Compounds of Sulphur and Phos- 
phorus.— If the test with ammoniacal silver nitrate gave a positive 
result, and if there is any reason to test for compounds of phosphorus 
and sulphur, whether the result of the luminosity test was negative or 
positive, the following test is to be made: — 

One c.c. of the original benzene solution is treated with 1 c.c. of 
twice normal lead nitrate solution, and well shaken. If, after allowing 
to stand, a brown coloration is observed where the two* liquids meet, or 
if a biaci< or black-brown precipitate of sulphide *t>f IcaS is formed, 
compounds of sulphur and phosphorus arc present. 

If the test with ammoniacal silver nitrate gave a positive result, but 
* the tests under IV. and V. were negative, light red phosphorus is 
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nature, lugh as Prussian and Turnbull’s blue, and “ the spent, oxide 
of gaswdirks are also decomposed. Accordingly, when .testing for' 
cyanogen compounds, i g. of, the scraped match heads are treated 
with 50 c,c. of warm water and filtered, and both the filtrate and the • 
residue distilled separately with dilute sulphuric acid. Hydrocyanic ^ 
acid can be identified in the distillate by the following reactions _ . * . 

1. Prussian Blue Reaction. To the distillate is jidded a drop of 

fefrric chloride, and a drop of ferrous sulphate solution, or only a drop 
of ferrous sulphate solution, as this generally contains a little of the 
ferric salt ; tfiis is then made alkaline with a little sodium, or potassium 
hydroxide, well shaken, and carefully acidified 'with hydrochloric 
acid. In the presence of hydrocyanic acid, a precipitate of Prussian 
blue js formed, or the liquid turns green and depos?ts*blue flakes on 
standing. ^ 

2. Thiocyanate Reaction (Liebig). Another portion of th^filtrate is * 
evaporated on the steam-bath with sodium or potassium hydroxide <iml 

a little yellow ammonium sulphide ; any hydrocyanic acid present i. 1 ^ 
converted into sodium or potassium thiocyanate, which, when taken up 
with water and .a little hydrochloric acid, gives a deep blood-red 
coloration on the addition of a drop of ferric chloride. 

3. Nitroprusside Reaction (Vortmann 1 ). To another portion of the 
distillate a few drops of potassium nitrite are added, then two to foi/t 
drops of ferric chloride, and enough dilute sulphuric acid to convert the 
yellow-brown colour into pale yellow. The liquid is heated until it just 
begins to boil, cooled, a little ammonia added (enough to precipitate 
the excess of iron), and filtered. Two drops of dilute, colourless, 
ammonium sulphide are then added to the filtrate ; a violet coloration, 
changing to blue, green, and yellow, shows the presence of hydrocyanic 
acid. Very small quantities give only a bluish green eft a greenish 
yellow coloration. This reaction is the' reverse of the well-known 
nitroprusside test for sulphuretted hydrogen and alkaline sulphides, 
and is based on the conversion of any cyanogen present into potassium 
nitroprusside, K 2 Fe(NO)(CN) 6 , which is a very delicate reagent for 
alkaline sulphides. 

4. Silver Nitrate Reaction. The distillate is treated with nitric acid 
and silver nitrate'; the presence of hydrocyanic acid is shown by a 
white precipitate, which should be stable to the light, and readily 
soluble in ammonia and potassium hydroxide. ** 

5. Iodide of Starch Reaction (Schonbein-Kobert *). If some of the * 
distillate be added to about x c,c, of starch solution, coloured blue by ** 
a trace (about 004 mg.) of iodine, decdorisation takes place, if 
hydrocyanic acid is present. This reaction is based on the fact 

1 Monatsh. y 1886, 7, 416. ^ 

3 R. KolJbrt, Uber Cyanmethtimoglobm und den Nachyeis der £/austfure y Stuttgart, 1891, 
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^hat hydrocyanic acid and iodine give cyanogen iodide and Kydriodic 
acid • » • 


CNH + T 2 = CNI + HI. 


• The reaction is very sensitive, and hydrocyanic acid can b'e detected 
even in extreme dilution, but it should be noted that iodide of starch 
is also decolorised by many other substances, such as aluminium and 
magnesium sulphates, alkalis, sulphur dioxide, carbon bisulphide, 
«arbon oxysulphide, arsenious acid, stannous chloride, urio acid, 
albumin, and especially by sulphuretted hydrogen. * 


E. QUANTITATIVE ANALYSIS OF MATCH COMPOSITIONS 

^The compasition, without any previous softening with water, is 
carefully separated from the splints, with a sharp knife, care being 'taken 
• to remove* as little wood as possible, and weighed. Or, the weight of 
the* head can be estimated by drying several cut-off match heads in a 
^desiccator over sulphuric acid, and weighing them, then removing the 
heads with warm water, and drying and re-weighing the pieces of wood. 

The estimation of free, white phosphorus is carried out, as described 
on p. 560, and that of the other constituents by the usual methods. For 
the estimation of potassium chlorate, o- 5 g. of the composition is washed 
Several times with 50 c.c. of water, a little iodide of potassium (free 
from iodine) added, and one and a half times the volume of fuming 
hydrochloric acid. The whole is heated in a closed bottle for fifteen to 
twenty minutes on the steam-bath, and when cold, the liberated iodine 
titrated with Njio sodium thiosulphate. The content of potassium 
chlorate is calculated from the equation : — 

KClOj 4 - 6KI + 6HC1 = 7KCI + 61 + 3 H 2 0 . 

122.56 761.52 


VII.— Physical Tests 

A. INFLAMMABILITY ON STRIKING SURFACES 

Swedish and other safety matches ar# supposed .to strike only on 
the prepared surfaces on their boxes, but as a matter ofTact they will 
ignite on several striking surfaces, such as hard wood, smooth hard 
paper, fine grained attd not quite smooth stones, glass, porcelain, etc. 

For tests carried out in Germany, 1 the following materials were 
used A smooth board of beech wood 40 cm. long, a sheet of glass 
40 cm. long, hard paper* the width of a match-box striking surface, 
JO cm. and 20 cm. long, a fine grained plate of marble 15 cm. long, a 
slightly rough iron plate 15 cm. long, rough glass paper 5 c*n. long, 

1 A rbeiten aus+dem Kaiser lichen Gesundkeiisamt. * 
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and fine grained glass paper io cm. long. To apply the test, the mate!? 
is drawn Slowly over the surface with an even, gentle pressure. * 

. B. TEMPERATURE OF IGNITION 1 

To ascertain the exact temperature at which matches will ignite is- 
extremely difficult, on account of the various necessary precautions, .and 
because concordant results are not obtained when tile work is carried 
out uoder the same conditions. The temperature at which they will 
inflame of tljeir own accord, in the case of white phosphorus matches, 
for instance, is lower as the percentage of phosphor^ rises, and is more 
or less dependent on the distribution of the phosphorus in the composi- 
tion. The more evenly the phosphorus is distributed throughout the 
composition, the higher will be the temperature of ignition ; should a 
match head contain a fairly large piece of phosphorus, it is possible 
for the temperature of ignition to be very little above that of phosphorus. * 
On the other hand, it is known that, by continued careful heating 
in a current of air at about 70°, many kinds ot matches lose thejj* 
phosphorus, so that although the matches keep their shape and appear- 
ance, they are either almost unignitable or the temperature of ignition is 
found to be much higher than the real ignition temperature. Moreover, 
the temperature of ignition is higher, the better the matches have beep 
varnished. The ignition point of badly varnished matches varies with 
the thickness of the coating. The temperature of ignition of any one 
class of goods can accordingly vary with the circumstances and with 
the methods of testing employed. A large number of tests should, 
therefore, be made, and an opinion given with very great care. 

The apparatus used in Germany 2 consists of a double-walled, 
asbestos-covered aluminium box with a double- wailed dyor, provided 
with a small pane of mica for the purpose of observation. It is provided 
with three tubes for thermometers, and for* inserting the matches, which 
can be placed at any height inside the box. The apparatus is divided 
longitudinally inside into three sections by pieces of wire gauze, in the 
central one of which is placed the thermometer, and in the side ones, 
the matches for testing. The wire gauze serves to protect the thermo- 
meter, as -Bell the neighbouring matches, from pieces of match 
composition which may fly off from matches which ignite a £ a lower 
temperature*. The apparatus is heated by a regulated rose-burner. 

... Another form of apparatus consists of a glass vessel with a copper 
lid, m which four springs are arranged for carrying test tubes. The ' 
thermometer can be inserted in the centre of the lid. The vessel is 
filled to about one-third with pure liquid 'paraffin. A copper wire 

N °- "■ f 

2 Cf K. Fischer, he. cit. ‘ 
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Stirrer passes through the lid. The matches to be tested are Lng on 
the ends of copper wires in the test tubes. * » 

. ' , 1Im a PP ai 'atus is similar to that described by O. Guttmann for 
explosives (if this Vol., p. 513). 

• testing sulphur matches and wax matches, the sulphur or wax 

should first be removed, as the wax in every test, and the sulphur when 

the temperature becomes too high, will melt, and enclose the match 
head. _ 


I he determination of the ignition temperature can also be carried 
out by the method devised by Leyque and Champion. 1 A copper rod, 
which is to be heated at one end, has at the other end indentations, 10 
cm. apart ; these concavities or holes are filled with oil or with d’Arcet’s 
alloy (sometimes called Newton’s alloy), consisting of 8 parjis of 
bismuth, 5 parts of lead, and 3 parts of tin, and melting at 94°-5. 

• The rod I* provided with six holes, and has a length of about 70 cm. 
from the first hole. Thermometers are inserted in the holes, and that 
yoint on the rod is found at which the match composition will ignite. 
1 his method is less exact and more troublesome than that of Fischer. 

The apparatus employed by Bein to determine the, inflammability of 
gunpowder 2 can also be used. 


Horsley 3 uses an oil-bath provided with a thermometer, on which 
ffoats a dish containing the substance to be examined. The oil-bath is 
heated until ignition takes place. The temperature is then read at 
once and taken as the temperature of ignition. The results are not 
very exact, as by slow heating phosphorus and sulphur are volatilised ; 
and even if the oil-bath be first brought nearly to the supposed' 
temperature of ignition, and the porcelain dish with the composition is 
then introduced, there still the disadvantage that it is necessary to 
use several oil-baths. 


C. BEHAVIOUR UNDER PERCUSSION 

K. Fischer 4 recommends a method by which the results can be 
expressed in figures, lie uses a striking apparatus, consisting of an 
oak block, partly filled with lead, and protected beneath by an iron 
plate; this runs in two iron grooves, from a” height that can be varied, 
and falls t>n to an iron plate on which the match is pfeced."Trhe height 
of fall, multiplied by the weight of the block, gives the forqe necessary 
to ignite the match in*ki!ogram-metres. The height of fall is 1 metre ; 
the weight of the block can be increased as desired by addition of lead. 

The greatest weight of the block is 1-5 kg., so that the largest amount of 

• 

1 Comples rend*, 1871, 73, 1478. 

2 Cf Bujard, Le.it/aden der Pyi otechnik, Stuttgart, 1899, p. 136. 

# 3 Cf. Fehling- Hells, Handworterbuch der Ckemie . • 

4 Arbeiten aus dem kaiserlichen Gesundheitsamt , vol. xix. * 
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work which the machine can do is 1*5 kg.-metres. The results arejiot verj? 
accurate, "as several circumstances, friction, for example, are not taken 
into account. However, as these errors are the same in each test, the 
results are comparative. The sensitiveness of one and the' same class 
ot matches under percussion varies very widely. Matches of the same 
class with large heads ignite more readily than those with small head* 
In general, the scraped-off composition is more easily ignited than" the 
match, soAhat in forming conclusions from this test as much care must 
be exercised^as in judging the temperature of ignition. 

D. SENSITIVENESS TO MOIST AIR 

To test this property the matches are placed in a ycssel over* wet 
cotton wool, and the vessel then placed under a bell-jar over a vessel of 
water. Observations are made with regard to the behavigur of the 
matches when moist, their durability, appearance, stickiness, and the ' 

like. 


E. BEHAVIOUR WHEN TREATED WITH CONCENTRATED SUI 
PHURIC ACID BY MOISTENING OR BY IMMERSION * 

Observations are made as to whether inflammation of the match 
head takes place with this treatment. • 


B.— PRIMINGS AND FIREWORKS 

Fireworks, so far as their active contents are concerned, are derived 
from a comparatively small number of components or mixtures (firework 
mixtures). " „ 

These comprise, on the one hand, easilycombustiblc substances, such 
as charcoal, sulphur, antimony sulphide, resins, and tar; and on the 
other hand, they include substances which readily give up oxygen and 
support combustion, such as saltpetre (potassium nitrate), and potassium 
chlorate or other chlorates. A third category includes those substances 

LTts/rnd he rir ar fi^i C0 ? U (barium ’ stront5um > copper, and other 

ts), and So firftly divided metals, and coarse particles of .charcoal, 

to cause sparks and showers of fire (“golden rain,” and the like). 

I. — Firework Compositions 

• ^ foltowii* substances form groundwork of most firework 
mpositions .—Gunpowder (gram powder and meal powder) saltpetre 
and sulphur, charcoal mixture, and grey mixture. ^ Sait P etre 
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A. GUNPOWDER # • 

• • 

, / Ordinary coarse-grained gunpowder (grain powder) is used for 
impulsive or percussive charges (for throwing fireworks from bombs, 

# 1 > n0r l ;ars > etc.), or for explosions ; the coarse-grained powder is necessary 
in these cases, as quick combustion and a rapid evolution of gas is 
required. 

Further, meaf powder, that is to say, a finely powdered blastirtg 
pbwder, is used ; that employed by makers of fireworks is of varying 
composition. ^ For instance, a blasting powder is used, wh&h, powdered 
and passed through a o*S mm. mesh sieve, consists of:— 

• • 602 parts by weight of doubly refined potassium nitrate, 

jj } , of sulphur, # 

2 i *4 „ of alder wood charcoal, 

• % 

ancLexplodes at 20° by Wagner’s powder test. 1 

# An ordinary blagting powder, consisting of 70 parts of saltpetre, 
18 parts of sulphur, and 12 parts of charcoal is suitable. As a matter 
of fact any ordinary gunpowder can be converted into meal powder, as 
its strength can easily be modified by the proportions of the ingredients. 
Meal powder is used when slow combustion is necessary. The qualita- 
tive and quantitative tests are carried out as detailed under black 
powder (this Vol, p. 495). 

Wagner's Powder Test. In various factories, where fireworks are 
made, it is necessary, for some of the mixtures and for the calibre of 
the cartridges, to use a gun- 
powder of definite power. 

Tests by which the power 
can be estimated are carried 
out by means of Wagner’s 
apparatus. 

This apparatus (Fig. 80) 
consists of a column, a, 
fastened to a support, which 
can be levelled by means of 
screws; is an angular 
lever, which moves on a 
hinge at c, and carries the 
counter-weight i\ The un- 
weighted arm h carries a 
small mortar, d \ and a spring 

catch, /, which moves over a graduated metal arc, f When the powder 
erodes, the arm is pressed downwards by the force of the explosion, and 

1 Cf. A. Pirkrfsr, Kunstfeiumverkerei, 1892, # 



Fig. 80. 
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the distance through which it is displaced is shown by the spring catch * 
The numt?er of degrees can be read directly from the graduated scale* 
The charge for each test is 2*2 g. of powder. The results obtained by 
this method are not very accurate, owing to the large size of the mortar, 
anti the smallness g>f the charge ; it is, therefore, necessary to repeat the 
test several times, and to take the mean of the results. # * 

• . B. SALTPETRE AND SULPHUR # 

This is a^ mixture of 3 parts of nitre with 1 part of sulphur, and 
contains approximately equivalent weights of the two* components* 

* When this mixture, which yields very little gas, is burnt, the products 
formed are mainly potassium sulphate, sulphur dioxide, and nifcrogey, in 
accordance with the following equation : — # 

2KNO3 + 2S - KJ 30 4 + S(X + N rt . 

This mixture is the basis for most compositions which arc to give 
light, and also for grey mixture. m 

C. GREY MIXTURE 

This is made by mixing 7 parts of meal powder with 100 parts of 
saltpetre and sulphur, and is mostly used for the manufacture of fire- 
balls (used in war). 1 These consist of twill bags, charged with coni* 
pressed grey mixture, which is filled into them with the aid of spirit ; 
they are fired by means of a composition fuse. Grey mixture mixed 
with antimony sulphide is used for torches. 

This material can be tested in the same manner as gunpowder 
(cf. p. 495). 

D. CHARCOAL MIXTURE 

• 

This name is given to meal powder, of which 5CX) parfs arc mixed 
with 6 to 8 parts of charcoal. To this* class also belong the slow 
mixtures or slow fires, which consist of meal powder, the explosion of 
which is more or less retarded by additions of charcoal. Further, there 
are quick and slow squib mixtures, also so-called “green" mixtures, 
which are made up of various kinds of slow mixtures. The green 
mixtures contairwlarger proportions of sulphur. In addition there are 
propelling iffixtureS, which consist of meal powder, nitre, and«charcoa! 
(sometimes a little chlorate of potash), and spark mixtures, similar to the 
last, consisting of nitre, sulphur, and charcoal. The former are used for 
war rockets, and the latter for firework rockets. It is necessary that 
these mixtures should evolve large quantities of gas, and they are, 
therefore, made with a meal powder to which*charcoal has been added. 
An old Prussian prescription for war rockets is as follows' 1 Thirty-two 

Cf Bujard, Leit/aden der Pyrotecknik 1899, p, 16. 

2 Cy. Busch- Hoffmann, Bolley’s I land buck d. cfam, 7'echnik x vol vf., p. 384, 



FIREWORK COMPOSITIONS 577 

• t 

•parts of nitre, 12 parts of sulphur, 32 parts of meal powdgr, and 16 parts 
of well-powdered charcoal. Other mixtures are as follows : — * 

Meal powder . . . * .8 parts 

Coarsely powdered charcoal . . . 9 „ * 

or Nitre . . . . . . i 3 $ „ 

* Charcoal . . . . • 3 » 

Sulphur . . . . . 4 „ 

• . * 
Hence it is apparent that the charcoal mixture can be used, a« .these 

are very similar to the spark mixtures, which consist of : — • 

Nitre • . . . . . 12 or 16 parts 

Sulphur . . . 3 or 4 „ 

• • Charcoal (coarse) . . , 5 or 9 „ 

Spark mixtures are used for cases, constricted at one end, which can 
> be suitably grouped and mounted, so as to be used for cascades of fire, 
surys, fans, palm trees, fixed stars, and various other kinds of fireworks. 
These mixtures are^lso made up with additions giving a reddish light, 
*and with metal filings; those containing metals are known as “ brilliant 
mixtures.” # 

Such mixtures are analysed similarly to gunpowder. For tests for 
potassium chlorate, see Vol. I., p. 517; and for the examination of the 
various ingredients, nitre, charcoal, and sulphur, see this Vol., pp. 482, 
486, and 487. The same points must be noted in judging these 
substances as in the case of matches. 


E. ILLUMINATION AND COLOURED FIRE MIXTURES 

In addition to the substances already mentioned, these contain, 
almost invariably, potassium chlorate, together with substances such as 
strontium of barium nitrate, for producing the colours. They are 
accordingly mixtures of combustible substances with compounds which 
give coloured flames, and, like exploding gunpowder, they throw off 
small particles which continue to burn while in motion, and owe 
their power of projection to the combustion. At first sight, it would 
appear easy to make one of these mixtures, but several factors have to 
be taken into account, such as the velocity # of combustfcn^which in the 
case of “*stars ” should be great, for coloured lights slower, and for flames 
slowest of all ; the temperature at which the colour-impartiijg substance 
will act best ; the formation of slags, and their fusibility. To find out v 
whether these substances are suitable for colour mixtures, they should 
be thrown, in the form of a dry and very fine powder, into flajnes^ of 
varying temperatures su oh as hydrogen flames, the temperature’ of 
which has either been raised by oxygen, or lowered with nitrogen, so 
a| to find out the effect of different temperatures. But this test is not 
always successful, as in the case of lithium salts, which although they 
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impart an intense carmine coloration to flame, do not produce a colour* 
of anything like the same intensity in mixtures. The manufacturer 
mostly tests this by making a small sample mixture,' consisting of- 


Potassium chlorate 

Sulphur 

Gum mastic . 


20 parts, 
5 „ 


. Ift .he substance to be tested gives a good fire coloration with th!< 
mixture, it can probably be used. U thl :l 

The following formulae have been found upon actual trial i„ 
Ckyton) - ECt0ry gr£en Snd ^ COl ° Ur mixtUrus fcs l**tivel y (E. G 


Barium nitrate 

Strontium nitrate 

Potassium chlorate 

Sulphur 

Realgar 

Shellac 

Charcoal 


Umtn, , 

* 6 o 

* *5 

* *3 

* if 


i 

too 


* it#i. 

n 

5 

i 

too 


T Zs — a* « 

,he onIy Eood “'°“ r dbt ™' d iy <*£-. % Z 


F. POTASSIUM CHLORATE 4ND SULPHUR 

US “ i fcr addin R '° Kluminatic 
ot 125 parts of potassium chlorate and 35 parts of sulnhnr 
perchlorate can be substituted for the chlorate. 


mixtures, 

potassium 


Or. * OUJLJ J ' 


• w VV/1KM" mixtures 

known't •ffi”mSC a '« P vL mi ?' d . l0g ' thK ' «■» arc 

fining the substances together Thetoll^?^* ?* tho!M m,dc b y 
any mixture, 85 parts ” g “ * *™‘ mixture 

5 parts. This is used for fS S and fo T' T d an,imon >' *»'pWde, 
also often made by fusion. f W ^ lte fire - Ben gal lights are 


* Cf. DmgLfiofytj , i85 i 
F or further particulars, 


, *19, 208. 

see Bujardj PyrcUthmk, 1S99, 
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*. H. MIXTURES FOR IGNITION PURPOSES 

These are for the purpose of firing iftflammable objects at a distance. 
They must be made in such a manner* as to combine the property of 
burning slowly with the development of as high a temperature? as 
^possible. The mixture used in Prussia for this purpose consisted of 76 
parts of grey mixture and 24 parts of colophony. In Bavaria, a com- 
bination of meafr powder with “ warm” mixture was customary. • 

I. MIXTURES FOR SPECIAL FIREWORK^ 

The following mixtures are used. For fuses, a mixture of meal 
powder, charcoal, and mica; for “ golden rain,” meal powder, charcoal, 

► an ^ iron filings ; for “ silver rain,” lead nitrate, potassium nitrate, and 
charcoal; for “comets,” a little meal powder and charcoal. Picric acid 
• mixtureswere introduced by Dessignolle and Castelaz, 1 by Brugere, 2 
and by E. Jacobsen, for causing detonations with coloured fires. 

% The first namad used ammonium picrate together with barium 
nitrate, strontium nitrate, etc. ; the latter used the picrates of strontium 
and barium, which, however, have to be fired by means of a fuse. These 
mixtures are best made by the manufacturer himself from picric acid 
and the respective carbonates. For the testing of picric acid, see this 
*VoL, p. 508. 

Whistling squibs are made with magnesium picrate. The mixture is 
prepared according to the formula of the inventor, Weiffenbach, of 
Stuttgart. Two hundred grams of picric acid and 800 g. of nitre are dis- 
solved in hot water, and saturated with 30 g. of magnesium carbonate, 
and the precipitated crystals then dried. 

£. MERCURY FULMINATE (HOWARD’S SILVER) 

This is used for percussion caps, either alone, or mixed with other 
combustible substances, or with gunpowder, potassium chlorate, nitre and 
sulphur, etc. These additions serve the purpose of retarding the decom- 
position, and of increasing the volume of the gases formed. Percussion 
caps are made of thin, rolled copper sheet.^ The following is a prescrip- 
tion for this mixture : — One hundred parts of m^rctiry* fulminate are 
rubbed linto a paste with 30 parts of water on marble slabs with box- 
wood rubbers ; to this are added 50 parts of nitre, or 62-5 parts of nitre 
and 29 parts of sulphur. The paste is dried on sheets of paper, and 
granulated by means of hair sieves. Some makers, after placing the 
grain*in the percussion cap, cover it with a small copper plate, while 
others coat the grain with mastic varnish. Discs of varnished tinfoil, 
or paper, or of both together, are sometimes used (E. G. Clayton). One 

1 cy. G. Schultz, Steinkohkntter , p. 456. 2 ZeiLfi Chem 1869, p? 667. 
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kilogram of -mercury, after conversion into the fulminate, is sufficient for,* 
40,000 percussion caps, c 7 * 

Analysis of Mixtures, containing Mercury fulminate, F. W. J ones’ # 
and F. A. Wilcox 1 advise, in the case of a mixture containing potas- 
sium chlorate, the fulminate, and antimony sulphide, to first extract the 
fulminate of mercury from a weighed quantity, by means of a solution* 
of ammonia in acetone, then the chlorate with water, and to weigh the 
residual^ antimony sulphide. 

H.' Brown$don 2 estimates the mercury fulminate by decomposing iT* 
with excess of sodium thiosulphate, and determining the resulting 
alkalinity by Njio sulphuric acid, previously standardised against 
especially prepared pure fulminate. 

The: explosive properties of fulminate of mercury have been 
studied by Berthelot and Vieille, who give the following equation for its 
decomposition : — 

(CNO) 2 Hg - Hg 4- 2CO 4 2N- 

c 

When mixed with 30 per cent, of water, it can be rubbed on a 
marble slab, with a- wooden rubber, or a soft, clean cork, without any * 
danger. 

The following are the results, in round numbers, of a series of 
analyses of several kinds of percussion caps, in one of which leacf 
thiocyanate had been used instead of mercury fulminate (E* G, 
Clayton) : — 



1. 

2. 

8. 

4 , 

6. 

Mercury fulminate . 
Lead thiocyanate 

* 

33 

21 


27 

r 38 

Antimony sulphide . 

• 

is 

45 r 

84 


Sulphur . 

% m 




7 


Ground glass , 

* » 

... 


is 

43 


Potassium chlorate . 

• 

52 

84 

23 

23 

84 



100 

100 

100 

1 100 

1 100 


© * r g. o. g. o. 

Approximate weight of charge * 

per pap , , , 0*025 0*046 0*022 0*025 

# 

In these analyses, Brownsdon’s method was employed for the deter-* 
mination of the fulminate, the antimony was estimated volu metrically, 
the* lead gravimetrical ly, and the thiocyanip add by a colorimetric 
method ; the figures for potassium chlorate were obtained by difference* 

3 Chem . News, 1896, 74 283. 

2 Ibid ., 1904, 89, 302. • 
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II, — P&IMKNGS 

» 

A. THE FIRING-EXCITER 

i? 

, This consists of a mixture of meal powder and alcohol. A fast 
exciter consists of 1000 g. of meal powder and 570 c.c. of alcohol; a 
slow exciter of ^000 g. of meal powder and 720 c.c. of alcohol. Tlfese 
"Mixtures are best made with the hands in a copper pot, or in a porcelain 
basin. The exciter is painted on to the quick match at the firing hole 
where the paper* of the covering of the firework has been twisted 
together, for instance where the fuse is fastened to crackers and squibs. 
In*general, aU those places which are intended to catch fire are painted 
with this mixture. If it is intended to stick tightly, a solution of 16 
g* of gmj-arabic in 140 c.c. of water is added. The tests used are 
similar to those employed for gunpowder {cf. p 495). 

• 

B. SLOW AND QUICK MATCHES, FUSES 

Triple and quadruple cotton threads, purified •from grease as in 
the case of guncotton, are soaked in quick firing-exciter, and sprinkled 
with meal powder. After the impregnation, they are allowed to lie for 
*six to eight hours, then rolled on a bobbin, and passed through a board, 
provided with holes of various sizes, so as to impart the required 
strength and uniform thickness to the threads, after air-drying. They 
are again passed through the firing-exciter, which has been thickened 
with gum-arabic, then again through the holes in the board, sprinkled 
with meal powder, and dried ; finally they are wrapped in paper, placed 
in dry boxes, and stored in a dry place. According to the formula 
used for the Prussian artillery, the following quantities are necessary 
for a fuse 100 metres long, and 0-52 cm. in diameter 2-94 kg. of meal 
powder, 4-35 litres of alcohol, 21-2 g. of gum-arabic, and 0-24 kg. of 
cotton thread. Thus prepared, the speed of burning is 1 metre in 
twenty-four seconds. 

Better fuses are obtained by a previous treatment of the cotton 

with a special mordant (cf. infra). c . 

In Che case of a train of powder (or leader) the fuse is covered. 
These covered fuses protect the firework against pre-ignition, and also 
cause a quicker firing. For this purpose the fuses are covered with 
paper tubes. 

QUick Matches or Paper Fuses are also enclosed in paper ^nd are, 
as a rule, about 28 cm. -long, and 0.33 to 0-2 1 cm. in diameter. 

The Mordant for Fuses serves in the first place to make the fuse 
»or<? inflammable, and secondly, to ensure a steady and quiet.combus- 
tionjior ii^tance, as in the case of time fuses. The mordant consists 
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of a solution of i part of nitre in io parts of water. The dry cotton 
threads are'allowed to remain this solution for twelve hours, and are 
• then wrung out and dried. 

Slow Matches , as prepared for pocket match boxes, are obtained 
by boiling loosely spun cotton in a solution of lead nitrate, consisting 

Zj s ead -?u Tu n - 10 partS ° f water; the y are ^en allowed to* 
drym the air without being wrung out. Another method consists ‘in 

. 01 ln f c ° tton a solution of lead acetate (i part of lead acetate 
m 20 parts ofjyater) and when dry, placing them in a solution of i parf 
of potassium bichromate in io parts of water. The resulting threads 
are yellow, owing to the formation of lead chromate. * ' S 

Fuse paper In dry weather this can be used in place of the ordinary 
fuses, and finds general use for certain firings. It is madcfby soreadfni 
firing-exciter on to both sides of sheets of blotting paper, LTnklht ; 
with meal powder and drying it. s p p ’ p ^ nKJ1I1 S ]t 

C. GUNCOTTON FUSES „ 

The preparation of guncotton fuses is exactly the same a, *w # 
of guncotton. They can be tested as is described in VoT I p ,s 
and m the section on “Explosives” (this Vol n ^ ti, ’ P ' f 3 ’ * 

krZft ^ ^ ° ther f °n«.and«moSly used S fi^ng 

large set-pteces; they burn ve,y fast, and will fire a fuse-paper ,°„ D "S 
round hem wrth absolute certainty; they have the furfter adZ.agf 
that they can be used in wet weather. ** 

D. PORT-FIRES 

of l hCSe fi ^ f eWWk f, Which Wiil cause the firin g of charges and 
of other fireworks quickly and safely in cases whZ th, r 

be used Port-fires must, therefore, be capable of burning^errileH* 

and must not be put out by even the strongest shower of min The’ 

mixtures employed must be very rich in oxygen, and it is recam 

zzi together the nitre and 

8 mmllr Th ab ° Ut 4 ° *° S ° cm ■ Ion £- and should give a flame 
i a ^ *. necessary casing is made of strong cardboard and 
is soaked in' a solution of nitre so that it u 5 rdboar d, and 

diameter is about i cm. The mixture is filled * U f 

LSM 

fires is as follows opposition of some typical port- 

f* m 

Prussian Mixture. 


Nitre and sulphur . 
Colophon/ 

Meal powder . . 


ioo parts 
7 
85 




* French Mixture „ 

NitTe . 

Sulphur . 

Meal powder 


* 6 parts 

* 3 1 » * 

* L » 



rjtUMIJNliS 


DOS 


Swedish Mixture. 

Nitre . 

Sulphur . . . * 

Meal powder . . . • 

Colophony .... 


E. COMPOSITION FUSES 


24 pafts 
*4 »> 

II 5, 

1 „ 

a 


m 


These are really only port-fires on a smaller scale; they are 

r fastened to fireworks and effect a certainty of firing. They are mcfde 

of strong paper, have a diameter of 0-5 cm. and a length of from 6 to 

8 cm. They are filled up to 2 to 3 cm. with meal powder, on the top of 

which a layer of priming-mixture is placed. Such mixtures consist 

of:— 

• *• 

+ . Prussian Mixture . 

Nitre and sulphur . . . . .100 parts * 

Meal powder . . . . . . 25 „ 

The fixtures used for time-fuses can also be employed. 


* • F. TIME-FUSES 

Many fireworks (set-pieces) can only be successful, and produce the 
, desired effect, if some parts, such as torches, squibs, .etc., have a definite 
time for burning. Time-fuses are used for exploding charges, or for 
igniting fireworks in a definite period of time. These time-fuses are 
# tubes filled with a mixture in such a manner that a certain length will 
burn in a definite time. 

As in the case of igniters, the differences in the action of time-fuses 
are based solely on the proportions of a few constituents (powder, nitre, 
sulphur, etc.), and upon the density of the mixtures. Their examina- 
tion is conducted as described above. The main requirement in the 

case of these fuses is to determine the time of burning. 

♦ 

III.— The Duration of Burning 

In the case of fireworks, the maintenance of a definite duration of 
burning is especially necessary, where set-pieces are used, or where 
rotations are required and the like. It is less necessary in the case of . 
rockets, when they are to be let off together in the form of a fan, etc., 
or in the case of a quantity of squibs, ■because thq composition and 
comprassion of the mixtures used are sufficient ft) regulate the com- 
bustion. The duration of burning of a mixture is dependent upon : — 

1. The composition. 

2. The degree of dryness, 

3* The degree of fineness, and the thoroughness of mixing. 

4. The degree of con^pression. 

5. The area of its burning surface. 

$. The area of the delivery opening. 

Th^nature of the cohering. 
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From this it is obvious that successful results can only be obtained.* 
by working wfth uniformly mada mixtures, with the same covering 
material, and uniform charging.* Small divergences nevertheless occur ; m 
but these # can be neglected, as they make no difference," when the 
firework is ignitec^ Moisture in the mixture retards the firing, not 
only directly by its presence, but also because it causes decompositionf 
mainly between the sulphur and the metals in the mixture, when the 
fireworks are stored. The area of the delivery opening retards the 
firingwlien it is less than -} to J of the area of the case. 

The duration of burning is determined with a stop-watch, and is of 
importance in the case of set-pieces, in which several fkinds of mixtures 
are present. In this case the time can be regulated, by regulating the 
depth of the mixture in the cases; shorter cases for slcftver mixtures, 
and longer cases for quicker mixtures, can be used. 

* 

IV.— Testing Firework Mixtures for Liability to 
Spontaneous Combustion „ 

m 

Examples of compositions, having pyrophoric properties, used in 
the manufacture o£ fireworks, are mixtures containing iron filings and . 
sulphur, which have become damp ; also certain Bengal light mixtures. 
Illumination mixtures containing nitrate of strontium or barium, 
sulphur and potassium chlorate, will often fire of their own accord, aftef 
standing for a few hours. This occurs chiefly when the ingredients 
have been quickly dried before use, and when the mixture is left lying 
in a warm, moist place. An ignition of this nature can be prevented 
by making the mixture of pure materials. A better preventive, accord- 
ing to Clarke, 1 is an addition of a small quantity of antimony sulphide 
or, of a small quantity of sodium carbonate or qjialk, as in the case of 
nitrocelluloses. These latter take up any acid impurities of the sulphur 
or other components, and form compounds which are inactive with 
chlorates and nitrates. This treatment is of some use, but the action 
of antimony sulphide is questionable. Mixtures which have become 
damp, must be dried separately and with great care, as they ignite 
easily. Mixtures containing copper oxide also fire readily, but this 
can be prevented, by substituting copper carbonate for the oxide. 

Dennstetjfs appSratus for the examination of coal, 2 would no doubt 
serve for the examination of such mixtures as to their liability to 
spontaneous "combustion. * 

The test proposed by Meischmeier is carried out as follows -Five 
grams of the mixture are slowly heated in a dish on a sand-bath, t<3 100°, 
and 1 kept at this temperature for two hours* If it is now moistened 
with water, and again dried, it should not ignite spontaneously. 

1 Dingl . polyt . J ., 1867, 183, 164. 

2 Z angew . Chem 1908, 21 , 1826. 
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By Professor G* Lunge, Ph.D, Dr. Ing., and K. Here, Ph.D. English translation 
revised by J. T. Conroy, Ph.D., B.Sc., the United Alkali Co,, Liverpool* * 

A. R/w Materials for the Manufacture of - rm , Car inn;.; 

*• Coke—It is important that this shall be as free as possible from 

v„," T P TZ" ph “ ph X t T ? e mc, “ . rf AeW™" 
fumaot'cokaor l coteis usMirf ' wMlW 

than the latter. ’ the f ° rmer ,s ’ ^oweVr, generally purer 

, c 2 ' Anthracite -t-This is sometimes used instead of coke, and should 
J mCnti0ncd abovc * A-o“ 

=rf^ ; -T-K“> s r; 

25 per cent, of phosphoric anhydride P () and * n r 1 

z p TJn n of ^ 

The presence of phosphoric aci?S”whe f„ impuri,i ' s - 

phide, and thus to the LtLStatf L , f ium P h ° s - 

hydrogen ; mag „esia reduces the 7 , ph °f'° retl ‘ d 
the manufacture more difficult FurtZ.? * ‘ 1 ” <ic ,“ nd rcnde ' 8 

manganese yield carbides which on ,i rth ' . rna h' nesl “. alumina, and 

either hydrogen or mahane or ° "W> liberate 

they do not necessarily diminish^ the'gaTyW d of Te “"bide” T* 
For the estimation of small quantities of . 

ti't'e^l *f - * ” i p r;: 

Trr “ --rivv^r.Oe - 

W.» Acetylene f W. G«eta„. Chert., «, ,h, 

“f.’SS; cr»5 

. - .S,3».3<6. 'fcJUtH*,,, 
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*the^ phosphorus, ioo g. of the sample is taken, the lime dissolved in 
nitric fifcid, the solution concentrated, nitromolybdate %olu£ion added 
^at a temperature of 50°, the solution filtered, the precipitate washed 
with amm'omum nitrate, and dissolved in aqueous ammonia. The 
phosphate is precipitated in this solution with magnesia mixture, la?ge 
quantities of liquid being avoided, and very small filters being used. 

F. B. Gatehouse 1 has described methods for the complete analysis 
of limestone, coke, coal, and carbon electrodes, so far as the above- 

• nTentioned impurities are concerned. From theoretical considerations, 
he concludes that the permissible limit for phosphorus should not 
exeeed 0-03 ‘ per cent. P 2 0 5 on the raw materials employed if the 
acetylene has to comply with the regulations of the British Acetylene 
Association (<*05 per cent. PH S by volume ) ; whilst no standard is fixed 
for sulphur compounds in acetylene, he is of opinion that the sulphur 

> content of^the raw material ought not to exceed 0-05 per cent. S0 3 . 

m, 

• B. CALCitm Carbide as a Commercial Product 

The commercial product contains a series of other compounds besides 
calcium carbide. Moissan 2 decomposed calcium carbide with sugar 
solution, so that the lime remained in solution ; in the residue (3-2 to 
5-3 per cent.) the following compounds were detected chemically and 
microscopically : — Silicon carbide, sometimes calcium silicide and 
crystalline silica, calcium and aluminium sulphides, iron silicide, iron 
silico-carbide, calcium phosphide, and graphite (never diamond). 

The occurrence of iron silicide, silicon carbide (carborundum), etc., 
in commercial calcium carbide, although interesting from a scientific 
standpoint, is not of importance in the application of carbide to the 
preparation* of acetylene. Hempel and Kahl 3 found in American 
calcium carbide, 6 to 8 per cent, of carborundum and iron silicide, and 
O’ 2 to 0-24 per cent, of silica. Ahrens 4 found as accidental impurities 
in calcium carbide, iron silicide, iron silico-carbide, and a silicide of 
copper and iron ; he describes the analytical methods used for their # 
detection. 

In the analysis of commercial calcium carbide, the chief consideration 
is the total yield of gas evolved on treatment with»wa*tei». . The gas is 
generally assumed to be wholly acetylene, and is calculated as such. 

As is well known, however, the gas obtained is never pure acetylene ; 
it may contain as much as 4 per cent, of impurities, of which the *. 
following are the most important:— Sulphuretted hydrogen, phosphoretted 
hydrogen, ammonia, carbon monoxide, hydrogen, methane, nitrogen, 
and oxygen. Only the three first of these are seriously objectionable 

• * 1 Acetylene , 1909, 6, 30. 8 Z. angew. Chem., 1898, II, ft. 

^ ,J Coates rend., 1898 127, 4S7- 4 Ibid., 1900, 13, 439 - 
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‘ and need be considered in the light of impurities ; sulphuretted^ 
hydrogen and fihosphoretted hydrogen impart a very unpleasant spiel l' 
to the gas, render it poisonous *and give rise to harmful acid products^ 
on combustion. The quantity of calcium sulphide and phosphide in 
gdbd calcium carb$e is very small, since both of these can be almost 
eliminated by suitable selection of the raw materials. In some ease* 
however, it may be necessary to ascertain whether the smnplc consists 
of good calcium carbide or not. * 

Amfaionia, which occurs only in traces, when not absent altogether,* 
aids in the formation of acetylene compounds of metals and is also 
detrimental in the purification by chloride of lime. • * 

e In regard to calcium phosphide, it is important to bear in jmind 
that phosphoretted hydrogen appears to facilitate the* formation of 
copper* acetylide, whilst the presence of larger quantities in acetylene 
may even render the gas spontaneously inflammable. 4> case has 
actually occurred in which calcium carbide gave off a sj>ontaneo<isly 
inflammable gas immediately on contact with water* # 

Sampling. — According to Lunge and Cedcrcrcutz, 1 the examination 
of calcium carbide; is rendered very much more difficult by the great, 
lack of homogeneity in the lumps which come into commerce. A 
representative sample must, therefore, be obtained by grinding a 
large quantity and mixing it well together. This cannot, however, b<? 
done in the ordinary way, owing to the very appreciable decomposition 
which would occur by the action of atmospheric moisture (as evidenced 
by the smell), during the long time necessary for grinding the hard 
mass sufficiently fine, and performing the necessary mixing and 
quartering. The only satisfactory method is, therefore, to break up 
the carbide quickly into pieces of about the sizq of peas. These can, 
ofcourse.be only mixed in a very imperfect manner, and “in order to 
obtain a sample which can in any way be* regarded as representative 
by this procedure, it is necessary to take, at least 50 g., but preferably 
100 g., for each determination. 

Even by this procedure it is impossible to be certain that a truly 
average sample has been obtained. This would only be possible if a 
large sample were taken froth different parts of the melt and ground, 
and mixed together *n a dosed ball mill, or in some similar apparatus 
Jn which the substance was not exposed to the air. (The usual laboratory 
grinding apparatus would give much too low results, on account of the 
decomposition occurring during the grinding.) If this were done, it • 
would be sufficient to take quantities of about 10 g, for the antdysis, 
using an ordinary graduated glass gasometer, since the quantity of 
gas evolved would not be much more than 3 litres. It would, of 
course, he ^necessary to so arrange the mill as to permit of thorough 

1 Z. angtw. Chon 1897, ICV 6$ I. * 

• % t 
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?£le$ning and drying for each sample tested. In default .of such 
apparatus, dt is necessary to adhere to quantities of not lessnhan 50 to 
and |yeferably 250 g. , 

P. Wolff 1 has expressed very similar views. Especially when the 
# carbide has been produced in ingot form, two sanples taken in fhe 
Immediate vicinity of each other may give very different results. In 
works which 'adopt the “ tapping process,” a sample of each “ tap ” is 
% taken at once and set aside. Where the carbide is made* in ingots, 
t&c crust of the ingot is first detached, and the interior J^roken up, as 
many separate samples being taken as possible, and then further 
disintegrated witfl stone crushers, etc. Carbide treated whilst still 
hotg .can be broken up without suffering much . decomposition by 
atmospheric tnoisture, more especially at the high temperature pre- 
vailing in the works, and samples may safely be taken from material 
1 treated i% this way. These conditions do not, however, obtain when 
samples are taken by the buyer or sampler ; it is then necessary to take 
, samples from at hmst one drum in every ten, chosen as uniformly as 
possible* Each of the selected drums is opened and the contents 
* quickly tipped out ; during this process, sample pieces of all sizes are 
taken from different positions, thrown into a sheet-iron drum standing 
by, which is closed air-tight and sealed. The pieces are then broken 
# up as rapidly as possible in an iron mortar, with a broad pestle, in the 
laboratory, and after mixing well, samples of not less than 5° §• an( ^ 
preferably of 250 g, are taken for each separate test 

Odernheimer 2 has pointed out that very erroneous results are 
obtained if the dust, which collects mainly at the bottom of the drums, is 
not taken into consideration. All drums, he states, should be completely 
emptied on to an iron sheet, the contents quickly mixed, and 
quantities of about 500 g. shovelled out from two separate parts and 
transferred to cases which are at once sealed. In dealing with larger 
quantities (10 to 20 tons), it is best to fill a sheet-iron drum provided 
with a lever or screw-down lid ; the contents are then mixed as above, 
and samples taken and put into tins which can be sealed. ^ When 
quantities of IOO drums and upwards are to be tested, a sample is taken 
from every tenth drum, but in sampling smaller^ quantities .a larger 
proportion should be taken. As explosions occasionally occur m 
unsoldering the drums, they should only be opened by striking or 

cutting. • , A .. 

According to the regulations of the British Acetylene Association, 

one drum must be sampled for each 1 ton of carbide in the consignment. 
The whole of the contents of the sample drum are emptied on to the dry 
floor of the sampling room, and portions of at least 1 lb. are taken 
rfrohf points representing respectively the top, middle, and botlipm of the 

♦ « y— r rr ft 


1 Z.falcium Carbid fair., 3, 243. 


Chem. Zeit . , 1902, 26, 703. 
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drum, and stored in an air-tight receptacle. Previous to analysis, «tho* 
sample so taken (not less than ; lb*, in all, per drum) is put into an ’iron* 

• mortar and broken down to pieces of from r inch to J # in. mesh by., 
means of an iron pestle, an indiarubber cover being fitted over the"* 
mortar to exclude* air as far as possible. Phc sample is then well 
mixed and the required quantity weighed off for analysis, after screen* 
in£ to remove the dust produced in the sampling. # 

The^ Association allows carbide of standard size— -that is, in pieces of 
i in. up to 3|«.ins. mesh— to contain up to 5 per cent, of dust. Should ' 
the amount of dust in the sample drum appear excessive,, the contents 
of the drum should be passed through a sieve of ’'in. mesh, and. the 
(fust so obtained weighed. 

Th^ German Acetylene Union has adopted the follow Rig regulations 
in regard to sampling. If it is not agreed to send one unopened drum 
in the case of consignments of less than 5000 kg, and two# unopened * 
drums with consignments of 5000 kg. or more, the sampling shall* be 
carried out as follows:— A sample of at least 2 kgr must be taken; if 
the consignment consists of not more than twenty drums, this sample* 
may be taken from any one drum and from two parts of the drum, the . 
middle, and either the top or bottom. With consignments of more than 
twenty drums, samples of at least 1 kg. each must be taken from 5 per 
cent, of the whole. The sampling must be carried out in the preseneff 
of a representative agreed to by the contracting parties, and the sample 
must be taken with a shovel, not by hand, and to avoid local accumula- 
tions of dust each drum sampled must be inverted twice before sampling. 
The samples must be placed at once in one or more closed vessels which 
are air-tight, and exclude all access of moisture, and are then sealed. If 
a mutual representative is not agreed upon, thq, samples are similarly 
taken by each of the contracting parties. * 

The regulations of the Austrian Acetylene Union are similar to the 
above. With consignments of fewer than five drums (about 100 kg) 
a sample is taken from one drum, with those of from five to twenty 
drums from two (about 1 kg. from each), and with those of more than 
twenty drums from at least io per cent of the whole* 


Determination of the Yield of Gas. * 

In this country it is customary to grade the carbide into pieces 
vary ng n size, according to the use to which the carbide is to be put, 
and to State the gas yield in cubic feet of gas, measured at 6 o* P. and 
30 in. mercury (15°- 5 C. and 760 mm.), per 1 lfe. of carbide. The lower 
grades ranging from pieces of tV to f in. diameter, and intended ^ 
-ycle lampi etc, are supposed to yield 4-5 cb. ft of gas per 1 lb-( 2 gj 
-..re, per . kg.). The higher.grades, » to . in, for 
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0 iijs. for acetylene gas plants yield 4-8 cb. ft. per 1 lb. (300 litres per 

. . or P^ces less than -jV in., and for dust no guarantee is given ; 

nc gas yield, is only approximately 1 to *2 cb. ft. per 1 lb. 

. According to the regulations of the* British Acetylene Association, 
f r l , e 0 standard size that is, in lumps of 1 to«2| ins. or large? — 

• yield not less than 4-8 cb. ft. (300 litres per kg.) of gas per 1 lb 
neasured at *a barometric pressure of 30 in. and a temperature of 6o° F. 

•Auk’’ ^ arb * de of the ab ove sizes yielding less than 4-8 cfo. ft. per Tb 
snail be paid for in proportion to the gas yield— that is, the pribe'to be 
paid shall btjar the same relation to the contract price as the gas yield 
m 4 ic feet per iMb. bears to 4-8. A buyer may refuse to take carbide 
ot standard size yielding less than 4-2 cb. ft. per 1 lb. (262 litres per kg?). 

. A latitude of* 5 per cent, is allowed in the analysis, and the actual gas 
yield is deemed to be that ascertained by the analyst plus 5 per cent 

* According to F. B. Gatehouse, 1 the gas yield may be determined in 
an> apparatus which permits an excess of water to act upon a known 
.weight -of carbide, Mid in which it is possible to measure the evolved 
gas accui ately under standard conditions of temperature and pressure. 

* • regulations of the German Acetylene LJnioij are as follows : 

Commercial carbide of the standard size, lumps of 15 to 18 mm. 
diameter, should yield on an average 300 litres of crude acetylene at 
and 7 6 ° mm - P er 1 k g- ; a latitude of 2 per cent, in the analysis is 
allowed. If the yield lies between 270 and 300 litres per 1 kg. (with a 
latitude of 2 per cent.), the carbide must be accepted by the buyer, but 
a proportional reduction in the price may be made. Carbide which 
yields less than 270 litres per 1 kg. may be rejected. All particles of 
the sample which pass through a sieve of r sq. mm. mesh is to be 
regarded as dust. 

Fine-gritin carbide, in pieces of from 4 to 1 5 mm. diameter should 
yield on an average 270 litres of crude acetylene per 1 kg., with a 
latitude of 2 per cent, in the analysis. If the yield lies between 250 
and 270 litres per 1 kg., wfth a latitude of 2 per cent, in the analysis, 
the carbide must be accepted, a proportional reduction in price being . 
allowed. Carbide which yields less than 250 litres per 1 kg. may be 
rejected. 

The* analyses must in all cases be conducted iif accordance with the 
regulations prescribed by the Union. 2 

One kilogram of»chemicalIy pure calcium carbide yiefds 406-0 g. of 
pure acetylene, which at o" C. and 760 mm. occupy 341-42 litres. 8 * * • 

The calculation of the observed volume of acetylene to o° C. and 

• • 

1 A City km % 1909, 6, $7. a Published by Mnrhold, Halle, 1 500. 

1 AW/.—The value 341-42 litres is bused on the weight of the litre of acetylene as determined 
W experiment. The value calculated from the molecular volume per gram-molecilie of 22*412 
litres |g 349 *f l^res per 1 kg. calcium carbide. 
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760 mm. pressure is greatly facilitated by the use of the tables givefj in* 
the Appendix fo Vol. I. (Tables VI. and VII., pp. 92 1-932). .The table* 
(VI.) for the temperature reduction can be used even wheye the gas is^ 
to be reduced to 1 5° C. instead of 0° C. In this case the volume of gas 
foflnd at f is takeij from the column for 15", and the volume reduced to 
15" is found in the same horizontal line under the column/. Fop 
instance, if 16-5 litres of gas at 20° C. are obtained from S°*g- of calcium 
carbide, then, according to the table : — ® 

• • 15 “ 20 “ 

* 16.12 I5.84 

17.06 I6.76 


* A simple mental calculation shows that 16-5 in the first column 
corresponds sufficiently closely with 16-2 in the second, t.e., that 16-5 
litres at 20° would occupy 16-2 litres at 15“. The reduction can of 
course be also calculated by the formula : — 


V».«Vrx?73±- I 5 

273 + / 


A table calculated by Ilainmerschmidt 1 facilitates the reduction .of, 
the gas volume to 15' C. and 7C0 mm. pressure for temperatures of from 
0° to 30" C. and barometric pressures of 660 to 7S0 mm. The observed 
barometric pressure must be corrected for the temperature of thf 
mercury (this is most simply done by subtracting i mm. for temperatures 
from o" to 12”, 2 mm, from 13'' to iy\ and 3 mm. for temperatures of 
20° and upwards). The barometric pressure must also, of course, be 
corrected by subtracting the vapour tension of water for the temperature 
in question, as indicated in Table V III. of the Appendix to Vol. 1 . 
(p. 933). Hammerschmk.lt further gives th<^ following sufficiently 
accurate formula for the calculation : — * 


V 


15 


iT (140.2 -o.*/) 
100 


B 

100’ 


*n which V M is the required volume at 15" C, v the volume read at f C, 
md B the corrected barometric pressure. 

In Great Britain it is not usual to correct the volume of gas for the 
tension of agufeous vapour, it being assumed that the volume Required 
by jthe test is that which the user of the carbide 'may be expected to 
Obtkin easily in his own apparatus in ordinary us% 

; The relation of the percentage of calcium carbide to the yield of gas 
is shown in the following Table (p. 594), due to F. B. Gatehouse.! The 
data are given both in litres per kilogram at j^s C. and 760 mm., and 
in cubic feet per lb. at 6o° F. and 30 ins. 

1 Acetylm in Wissemck uud Indus trii, 4 , 69 * 

8 Loc* tit* 
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F. B. Gatehouse 1 gives’ the preceding Table (p. 593), based on- on 
publishecL'by Leeds & Butterfield^for the correction of the gas- voJum< 
The volume of gas found i^ multiplied by the factor Jn the Tab] 
and divided by 1000 ; this givts the value in cubic feet at Co F, and $ 
in. pressure : — 

• * 

Percentage of Calcium Carbide and corresponding. Gas Yield 
„ of Acetylene. 


« 

Calcium 

Carbide. 

Acetylene. 

Acetylene. 

! Calcium 
j Carbide, 

Acetylene, 

Acetylene. 

Calcium 
, Carbide. 

i t 

; Acetylene, 

t 

* 

Per cent, 

6 

Litres 
per kg. 

Cub, feet 
per lb. 

i 

! Percent. 

! 

Litres 
per kg. 

Cub. feet 
per lb. 

Per cent. 

! Litre* 
j , per kg, i 

• 

t ‘»ib* f«8fc 
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Methods employed for the Determination of the Yield of Gas,* 

A large number of methods and forms of apparatus have been 
proposed for this determination, of which the following are the most 
important : — 

I. Caro's Apparatus.-'— This apparatus (Fig. 81), which is used in 
many laboratories and carbide works, consists of a decomposition vessel, 
A, a washer, B, and a gas-holder, C. The .decomposing vessel is 
cylindrical, with a slanting bottom, and is provided vvith’an outlet for 
the residues, a, a gas exit-tube, !>, and a'. Crew-down lid, />. The upj>er 
portion of the vessel is fitted with ten boxes fur taking the carbide, 
which are so arranged round a central axis that they can be successively 
emptied into the water of the evolution apparatus by turning the crank 1 
and tapping the bottoms of the cases. The washer H is provided 
with a*hemy>reet£r. The 'gas-holder C is fitted with a scale and 
indicator, a* manometer, «, and a control thermorpeter, o ; the fjas exit- 
tube is provjded with a stopcock, 

The gas-holder has a capacity of about 200 liftes, the height of the 
bell is 850 ram., and the diameter 550 mm., and it is graduated so that 
the ga§ volume can be read to 0-5 litre. The capacity of each Carbide 
holder is sufficient to hold 05 kg. with case. - 

1 I 9°9t 6 , 56. 
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% To^ carry out the estimation, the water in the gasometer is first 
saturated with acetylene by decomposing about 300 tfi 40a g. of any 

•sample of carbide, the gas being kept for two hours under the pressure 

* 



of the water in the gasometer ; it is then allowed to escape, and the 
gasometer emptied to the zero point of the scale. The sample of 
carbide, weighed to within 0-5 g., is then distributed as eyenly as 
possibly amongst the ten decomposition vessels, the edvs? b screwed 
down, and the crankV turned so that the first portion of the carbide is 
decomposed. After waiting five to ten minutes until the* bulk of the 
gas has been evolved, the stopcock p is closed, weights are placed on 
the ball of the gasometer until the manometer is brought to the zero, 
the height of the gasometer, the temperature, and the bart>mqtric 
pressure read, and the gasometer again emptied to the zero point. 
Pie connecting stopcock p is then opened, the contents of the second 
iarbide hblder transferred to the decomposing vessel by turning the 
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to a tube passing to the bottom of the bottle, as in H. Bambefge&g 1 . 
apparatus, fig.'fy ; the raising aad lowering of bottles of. 29 litres 
capacity is, however, somewhat tedious. The exit from ,th<jt 

decomposition vessel C is filled with cotton wool. 

Since acetylene is somewhat readily soluble in water, pure water 

should never be usecf 
in the gasbmetcr, but 
always water completely 
saturated with acetyleilfc. 
This is most readily pre- 
pared* by decomposing 
two portions of carbide, 
each r pe? cent, of the 
weight of the water, and 
allowing the, gas to 
bubble through jthe 
wate*; or, a concentra- 
ted solution of common * 
salt, which dissolves very little acetylene, may be employed, but even 
this must be treated once with the gas, if the apparatus is to be used 
for accurate measurements. It has also been suggested to cover the 
water with a thin layer of oil, but if the above conditions are observed* 
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this is unnecessary. Apart 
from this, oil dissolves acety- (\j, 
lene to some extent, as V/ 

Fuchsand Schiff have shown, Hp 

and is, therefore, better 

omitted. . 

For the decomposition of — * * 

the calcium carbide two ] JL 

methods are available. The I 

apparatus for one of these Jj l fft 
is shown in Fig. 85, the car- f v / 

bide being weighed into the l ) \G 
; flasks and ; the Wftat being • ^ ^ 

B y altewed to How in. # # 

.method the process is reversed, the ’apparatus* shown in 
b§¥i| used. The flask a is filled with a* solution of common 
iefab&le weighed into the tube b, which is connected at once 
•ptb the wide and thick rubber tube c, which must be dry, at any 
end connected with b. The carbide is then allowed to 
the liquid by raising c. In ordfer that the evolution of gas 
,nOt.l» too vjgotous, it is advisable to attach a clip, d, and tm 




7 a |pw ^the carbide to fall into the flask a in several portions. In a f 
minutes the evolution of gas, th^ rate of which m&f be* accelerat 
*> , a k* n g^ IS completed. The latter method lias the advant^ 
that it is unnecessary to dry the flask * 

& carefully, for each experiment, as 
* •in the former method. The former, 

% hdwever, is -more suitable, when it is 
* desired, not to measure the gas, but 
fcs* determine the impurities in it (cf. 
infra), ' 

* ■ The following* form of apparatus 
(Fig. 87), constructed of glass and in 
w which not l^s .than 50 g. of carbide 
is decomposed, has been designed in 
accordance with the specifications of 
the^German Acetylene Union. It is 
advisable to decompose the carbide 
•by allowing it to fall into water; if 
« it be desired to allow the water to 
drop on to the carbide, the decom- 
position should occupy three to three and a half hours for 50 g. < 
*carbide, and the gas must be measured with all the usual precaution 
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The carbide samples should be broken up in a dry, iron mortar with a 
father or rubber cover, or in an apparatus similar to a coffee mill. 

decomposition vessel a has a capacity of about 250 at., the neck 
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Is is mm. In diameter, and Is connected by a piece of rubber tubing f 
with the bulb ^ which has two tubular outlets. Hm bulb wjfurtfar • 
connected with the conical flask c, of about ioo c,c. capacity ; the botllc_ 

* ft also connected, through the tap r, with the measuring flask /, of 2<* 
litres capacity, which is filled with water saturated with acetylene ant 
connected at the bcjttom with a bottle, g , of the same size. 1 o carry ou% 
a determination, 1 50 c.c. of water saturated with acetylene are placed 
inJhe bottle 0, the bottle / filled to the zero mark with water saturated , 
with acetylene by raising g, the tap e closed, and the rubber tul^s 
ioined up between a and e. Fifty grams of carbide are then weighed 
into c and allowed to fall, little by little, into the bulb b and thence 
into a the tap e having been previously opened and, the bottle / 
raised’ somewhat. Finally, the apparatus is allowed. to tfand for two 
hours the height of the water in / and g adjusted to the same level 
bv raising or lowering the vessels, and the volume of the gas m /read, 
the temperature and barometric pressure being observed aT the same 
time. In place of the combination a, b, c, a dropping arrangement 
similar to that shown in Fig. 85 may be used, about 150 g. of water* 
being allowed to drop on to 50 g. of carbide in about three hourg , 
heating must be avoided, if necessary, by immersing the apparatus m 

cold water. . , . , 

Rossel and Landriset 1 have described an apparatus in which as, 

perforated zinc basket, to hold 25 g. of carbide, is fastened to a glass 
rod which can be pushed through the cork of a bottle of 6 to 7 litres 
capacity. The gas is liberated by lowering the basket into the water m 
the bottle (5 litres), and is passed through any desired number of wash- 
bottles, and then into a gasometer of 10 litres capacity, the bell of which 
' : is 10 cm. in diameter and very accurately graduated. The. water used 
s for decomposing the carbide must be previously Saturated with acetylene 
W the introduction of two lots, of 30 g. each, of calcium carbide ; the 
Wer of the gasometer is saturated with common salt The gasometer 
is ; fitted with a water manometer and a thermometer. The rise of 
erature is very different, according as the carbide is plunged coi% 
ty dr only superficially into the water, as is also the amount of 
yetted hydrogen evolved. By dropping water on to the carbide 
Hf quantises of sulphuretted hydrogen and other sulphur 

by suddenly plunging the carbide into 
is evolved. m 

{ eainvcfcient form of apparatus, has* been describea l *by 

. .. • 

apparatus devised by Setterberg 8 is useless, as it is only 
j g 0 f calcium carbide. That of “Magnanmi and Vannini * 


{tinge®. Ckm., xgof t 'X4» 

1901* 14* 


,4 C&ettk > J%4p*y 4 * 

* Cfom. Cmtf., l$&>i 1 In 
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» is not much better, being only adapted for* 6 to 7 g. ; such small samples 
Cafi tfever give representative tests. The apparatus of Recchi 1 also 
. cJflers no ’special advantage. * . ”* • 

••• ' 5 * Gravimetric Methods of Estimation. — H. Bamberger’s method 
(p. 598) was originally devised for the gravimetric valuation of calcium 
.carbide. 2 The decomposition is effected in the flask A % 

(Fig. 88) by the liquid from the dropping funnel*B, the „ 
evolved gas passed through a calcium chloride tube, C, and 
loss of weight of the whole apparatus, after the com- 
pletion of the decomposition, determined. Pure calcium 
carbide gives 40 % per cent, by weight of acetylene. A 15 
to 20 per cent, solution of sodium chloride was employed 
fey* -decompiling the carbide, and the addition carried out 
very slowly (about three to four hours), as in the apparatus 
fpr the measurement of the evolved gas. In both cases 
a salt sdkttion should be used, firstly, because it dissolves 
ve?y little acetylene, and secondly, because the amount of heat evolved 
, is less than when*pure water is employed. 

The loss of weight observed may be calculated either as percentage 
of CaC 2 (0-406 g. loss of weight = 1 g. CaC 2 ), or m litres of acetylene 
(341-42 litres C 2 H 2 at 0° and 760 mm. correspond to 1 kg. CaC 2 . See 
Note, p. 591), Bamberger gives a table to facilitate the calculation. 

* Other forms of apparatus for the gravimetric valuation of carbide 
have been described by Erdmann and V. Unruh 8 and by Formenti. 4 

For accurate determinations, these gravimetric methods are not to 
be recommended, as only small quantities of carbide can be decomposed, 
and it cannot always be ensured that the gas evolved in the simple 
apparatus, such as must be used for the determinations, is completely 
dried, a consideratioa which holds also for the analogous determination 
of carbonic acid. 

% 

The Complete Analysis of Calcium Carbide. 

Complete analyses of calcium, carbide are seldom carried out.^ 
According to Vogel, 4 they comprise the following determinations:— 
I. Pure carbide. 2. Decomposable sulphur compounds. 3. Undecom- 
posafcle sulphur compounds. 4. Decomposable phosphorus compounds. 
5. U ndecom posable phosphorus compounds. 6 . Decomposable silicon 
compounds. 7. ^decomposable 'silicon compounds. *8. Free carbon. 
9, Combined carbon. . 10. Calcium carbonate, ix. Calcium oxid^. 

1 2.* Iron and oxide of iron. 13. Magnesia. 14. Alumina. 15. Other 
constituents (nitrogen^ eta) • ^ 

1 Chtm. Centr., 1903, L, 14*38. 8 J.prakt. Chem., 1901 [2], 64, 233. 

* Z. angtw. Chenf., 1898, II, 4 Chtm, Centr., 1902, II., 1341 - 

® H<mdbuth /Hr Acetylen, p. X2X. * • 


'¥'0 



Fig. 88. 
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• The content of pure carbide is obtained from the estimation # of 
the gas yield ofccrude acetylene, aijd the estimation of the conjatnc'cl 
compounds of phosphorus, sulphur, silicon, nitrogen, etc.^ The pro-^ 
'portion of these products in the crude acetylene depends essentially 
upog the method of decomposition adopted ; it is always less when a 
large excess of water is employed in the decomposition of the carbide' 
than when an insufficient quantity is used, as in the dropping 1 and 
dipping forms of apparatus. « 

The analysis of the undecomposed residue is conducted as follows :■% 
The residue is* slightly acidified with hydrochloric acid, the resulting 
solution filtered and made up to a definite volume. An aliquot 
portion of this solution is treated with hydrochloric acid, and a copper 
salt, and the contained sulphur thus precipitated as nupftc sulphfdfi ; 
the ’sulphur thus estimated, together with that contained in the gas, 
gives the sulphide-sulphur of the total decomposable sulphur compounds. 
The remainder of the above solution is used for the estimation „of 
silica, alumina, oxide of iron, and magnesia. The reiydue insoluble in 
hydrochloric acid is divided into two portions. One portion is used 
for the estimation of carbon (other than that present as calcium carbide> 
by combustion with chromic acid, and the other is fused with sodium 
carbonate and nitrate. The flux is extracted and evaporated with 
hydrochloric acid, the residual silica filtered off, and sulphuric acid, 
phosphoric acid, iron, alumina, calcium, and magnesium estimated 
in the filtrate. The undecom posable sulphur and phosphorus com- 


pounds and silica are thus determined. 

According to Gall, 1 the sulphur remains in the milk of lime, when 
the carbide is decomposed by a large excess of water (as in the methods 
in which the carbide is dropped into the water), and may be determined 
in the residue as barium sulphate. He found, as a mean, <§*6 kg. in 
I ton of carbide. The phosphorus, on the otjjer hand, passes completely 
into the gas. In order to determine the phosphorus, the powdered 
Carbide is thrown into red-hot, molten sodium nitrate, in which it 


as. The mass is dissolved in water, excess of nitric acid added, and 
phosphoric acid determined by the molybdate method. Gall found 
of phosphorus per t ton of carbide (0*065 per cent.), which 
the electrodes and the anthracite. ^ 
this method, but found it unsatisfactory. He 
method -$se the ‘determination ,pf the sulphur Iq, 
lufovearbide as inaccurate, and recommends the following pro- 
the !■ determination of the sulphur present, both as calcium 
; as aluminium sulphide. About 3 of poVdered calcium 
mixed with five times the quantity of pure potassium 



* Z. mgm. Ckm H 1904, 17, 558. • 
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sqjliujn carbonate, which has been fuseef and subsequently powdered’ 
tfnd 2ip<\rts of anhydrous ammoniiyn chldride, free from sulphur. The 
mixture is # heated in a covered porcelain crucible with a powerful 
spirit lamp, the crucible being moved from side to side with the tongs. 
'A gas-burner may also be used with safety, if the products of combustion 
are prevented from coming into contact with the contents of the 
crucible as* described in Vol I., p. 246. After the mixture has been 
kept liquid forgive minutes, it is poured on to a slab of marble' or other 
jffhtcrial, and after cooling, introduced into a flask provided with a 
tap-fuifnel and a reflux condenser. The condenser is connected with 
two Peligot tubes, containing a solution of cadmium and zinc acetates 
(S g. cadmium acetate, 20 g. zinc acetate, and 200 c.c. glacial acetic acid, 
diluted to l 4 itr,Cjwith water). The air is displaced from the apparatus 
with carbon dioxide, 100 c.c. of water are allowed to flow in from the 
t*p-funnel, and then 25 c.c. of hydrochloric acid of sp. gr. 1-19 added, 
drop by drop. The evolved gases (carbon dioxide and sulphuretted 
hydrogen) pass ^hrough the receivers, in which the sulphuretted 
hydrogen is retained. When the evolution of gas has ceased, the 
earbon dioxide generator and the condenser ^re connected up, 
and the liquid is boiled for about ten minutes to drive all the 
sulphuretted hydrogen into the receivers. The contents of the latter 
am then treated with 10 c.c. of a solution of 120 g. of crystallised 
copper sulphate and 1 20 g. of concentrated sulphuric acid in 1 litre, which 
converts the acetates to sulphates. The sulphides are thus converted 
to copper sulphide, 1 which is filtered and washed, heated and strongly 
ignited in a closed crucible, to convert it wholly to cupric oxide. The 
weight of the CuO X 0-4030 = total sulphur in the carbide. Lidholm 
found 0-585 to o- 6 io g. of sulphur per kilogram of carbide by this method. 

Carbonates may Se estimated by decomposing the carbide with 
water in an Erlenmeyer ffcsk, liberating the carbon dioxide by the 
addition of phosphoric acid* and then driving it over by means of a 
current of air into a receiver containing barium hydroxide. 


C. Acetylene 

« 

T%5 ordinary impurities of technical acetylene have Bteep summarised 
cm pu 587. The majority of these are unimportant for practical pur- 
neap, especially as*, they occur onfy in very small quantities. Only 
phm&omtted hydrogen, and volatile sulphur compounds are of- 
importance, on account of the injurious action of their combustion 
products! for this reason they are frequently determined quantitatively. 
If the small quantities of other impurities ammonia, carbon monoxide, 

t Cf ClM*en, Ausgtm&hUe Mtthoden der anal. Chtm., vol. i., p. 5 2 °- n 
* VaoaL Handbuch fill Acttylm, p. 12*. 
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hydrogen, nitrogen, oxygen ^methane has never been detected with 
certainty) are to Jpe determined, large quantities of the crude ace^Jdeft^f 
(about 500 c.c.) must be treated with fuming sulphuric acid, which 
‘absorbs the acetylene and ammonia, and the remaining gaseS examined 
by the ordinary gas analytical methods. 

x. Harmful ImQurities.— Keppeler 1 uses a solution of mercuric, 
chloride in hydrochloric acid as a general reagent for the detection ©f 
harmful impurities in acetylene. Bergd and Reychler Jnad previously 
recommended this reagent, which gives a precipitate in presence ^ 
such impurities* The most convenient method is to use black filter 
paper soaked with mercuric chloride, 2 3 which is moistened with 10 per 
cent, hydrochloric acid solution, and held over an unignitpd acetylene 
burner. In presence of compounds of phosphorus, sulphtg, or silicon, 
a white deposit is formed on the paper, whilst pure acetylene gives no 

deposit. _ _ • 

F. B. Gatehouse 8 recommends white paper soaked in an aiftmoniacal 
solution of silver nitrate as a general test for purity. With properly 
purified acetylene the paper will remain unchangecf for at least half 
an hour ; with impure gas it will become black in a few minutes. # 

Rossel and Landriset 4 analyse the acetylene in a Hempel burette 
of 100 c.c. capacity, filled with mercury. The acetylene is first 
absorbed in 30 c.c. of fuming sulphuric acid and subsequently the 
oxygen by alkaline pyrogallol, the hydrogen and methane determined 
by explosion, whilst the nitrogen is estimated by difference. This 
method is very inexact, as the quantity of the impurities amounts, 
according to the author’s own results, to only 01 or 02 per cent, by 
volume and this small quantity must be transferred backwards and 
forwards several times from the burette to the pipettes. 

Methods for the complete analysis of acetylerite, which is practically 
never required for technical purposes, have been described by Haber 
and Oechelhliuser, v. Knorre and Arndt ana Frankel.® 

2. Phosphoretted hydrogen and Sulphuretted hydrogen — As 
stated above, these are the most important impurities to be determined 
fnidetylene, 

Uyjfce limit for phosphoretted hydrogen prescribed by the British 
A§e|ylene Afsocfexioff is 0-05 per cent by volume, or 0075 g. PH, 
litres 4 of fieetylene. The German Acetylene Union gwelbribes 

g pdf of 0-04 |>er cent by volume df phosphorus compounds, calculated 
Tyith a ■ permissible analytical error of ± 001 per cent 
- ' :;;Pib9Sphoretted and sulphuretted hydrogen may be dented 

1 J. Gasbileuckt^ 1904, 47, 461, % 

2 T&ese papers cm be obtained from B,*Merck* Darmstadt* 

3 Acetylme, 1909, 6, 8a 4 Z. angrw. C/itm,, 1901, £4, j\ 

5 Cf« Vogel* Hcmdhtch f&r Acttylm, p, 847. 
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qualitatively by the known methods' of gas analysis, but their 
’qtianjpties arc so small that reliable results are seldom ’obtained, and 
It is, therefore, better to proceed direct to the quantitative examination. 

’ ' The -telt for phosphoretted hydrogen (after removal of sulphuretted 
* hydrogen) by silver nitrate, proposed by Eckelt, is very ’unreliable, as 
, the silver nitrate may be reduced by other compounds. 

■ The application of mercuric chloride is described on p. 604. 

The first jeliable quantitative method proposed is the following, 
due to Lunge and Cedercreutz 1 : — For the determination of ^ie sulphur 
# and phosphorus, as sulphuretted and phosphoretted hydrogen respec- 
tively, in the acetylene, the gas collected in the gasometer over water 
or salt solution must not be used, as the liquid always absorbs some 
of The imparity, but the gas must be passed direct from the generator 
through the absorption tubes employed. In using the apparatus of 
$arnberger (Fig. 88, p. 601) this may be combined with the determina- 
tion of tffe acetylene by the loss of weight. 

* For the quantitative determination of the phosphoretted hydrogen, 
Willgerodt 2 proposed oxidation by bromine water, which is, however, 
inapplicable, on account of the strong action of bromine on acetylene 
*itself. Lunge and Cedercreutz 8 have shown that the best reagent 
for this purpose is a solution of chloride of lime or sodium hypochlorite, 
tjje latter being the more convenient for analytical work. Both of 
these oxidise phosphoretted hydrogen easily and completely, whilst 
the hypochlorites are without action upon acetylene at ordinary 
temperatures. The sodium hypochlorite may be prepared by treating 
a solution of chloride of lime with sodium carbonate. The filtered 
solution absorbs phosphoretted hydrogen readily, and the resultant 
phosphoric acid may be precipitated directly from the solution by 
means <if magnesia mixture. Lunge and Cedercreutz have shown 
that it is not necessary to decompose the hypochlorite previous to the 


precipitation. . 

To carry out the estimation, the apparatus shown in Fig. 85 (p. 590) 
is used ; a is a well-dried 500 ex. flask, into which 50 to 70 g. of the calciurq 
carbide, broken into lumps of about the size of peas, are introduced. 
Finely divided carbide (dust) must not fee used, firstly because it cannot 
he obtained without partial decomposition of the carbide, arid secondly 
because’it gives rise to a too vigorous evolution of gas. The carbide 
may fa weighed directly in a tare’d flask, if a suitable balance is avail- 
IfK; the balance’ should turn to 50 or at least too mg. A dropping, 
funnel, h fits into the neck of the flask, the lower end of the tube 
being drawn out to a capillary ; the flask is connected with^ ten-bulb 
absorption tube, c. A%-a further precaution, this tube may be connected 

1 Z. attgm. dStm.y 1897. 10. 651. 3 Str., 1895, 28, 2107. 

» Loc.cit. 
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with a second ten-bulb tube, But this is unnecessary, if the prescribed 
conditions arg adhered to. Seventy-five c.c. of a 2 to 3 per cent, solution 
of sod;um hypochlorite are introduced into c, this quantity being 
sufficient for all cases likely to occur in practice. The dropping funnel 
is’ filled completely with water, and the rate of flow of water regulated 
to 6 to 7 drops per* minute. The apparatus may be left to itself, as 
it is only necessary to add water to b from time to time and to shake 
the *flask a gently. The evolution of gas is complete ig three to four 
hours. • Waiter is then allowed to flow into the flask until it is filled 
to the neck, anS air aspirated through the apparatus in order to draw 
the gas in the large bulb of c through the smaller bulbs ; the ten-bulb 
tub^ is then emptied into a beaker, rinsed out, and the phosphoric acid 
determined by magnesia mixture. • • • * 

According to Keppeler, 1 explosions occasionally occur when acetylene 
is passed through solutions of sodium hypochlorite; this is true, bub 
Lunge and Cedercreutz, after prolonged experience of the method, stftfe 
that such explosions are extremely rare. „ 

One per cent, by volume of PH ;j corresponds to 14-0 g. P per cubic 
metre of acetylene. . t 

One per cent, by volume of SH 2 corresponds to 14-5 g. S per cubic 
metre acetylene. 

In their analyses of various sorts of carbide, Lunge and Cedcrcreuter 
found between 0-0380 and 0-0750 g. Ca s P a per kg. carbide, corresponding 
to 93-1 to 184 c.c. PH S , or, assuming the yield of gas to be 300 litres, 
0-031 to 0-061 per cent. PH 3 by volume. 

According to Eitner and Keppeler, 2 this method is not quite accurate, 
since certain organic phosphorus compounds are present in the acetylene 
which are not converted to phosphoric acid by hypochlorite. They 
prefer, therefore, to burn the acetylene, rendering the flame non- 
luminous and free from soot by means of osjygen, in a special burner, 


Hinder a glass hood. The hood is connected with two ten-bulb tubes 
and. a Peligot receiver, and finally with a water suction-pump. The 
jiftSB ten-bulb tube contains water, the second a solution of sodium 
::&pe8sromite prepared from sodium hydroxide and bromine ; the last 
& empty, The pump is regulated so that the air-bubbles in 
jest be counted ; the height of flame is such jhat 
®f acetylene are burnt |er hour. A large portion of the 
^pSphorkr , anhydride, P 8 0 8 , which results from tlje combustion, 

tfe glass hood, which must, therefore, be well washed with 
|®d#:e4aitainit^g some. hydrochloric acid The solution thus obtained 
*|P^^orated with ammonium carbonate to remove the silica taken up 
|ftppk; the gkss.. . '-After filtering, this solution is* added to that in the 
and the phosphorus determined by the iholybdate method. 
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and ^he sulphur in the filtrate as barium Sulphate. More phosphorus is 
stated to be found in this way thar^by the hypochlorit* method. 

Keppel^r 1 has shown that air may.be used insftad of oxy^pn, for 
’ the above combustion ; the gases shout'd then be passed through a ’ten- 
' bulb tube, the first bulbs of which are filled with pieces*of resistance 
glass, and the condensed water should be treated with bromine to 
oxidise the sulphur dioxide present. 

According jo Lidholm (cf, infra), this method suffers from the defect 
.that the water or salt solution cannot be added to the cajbide with 
sufficidnt regularity to ensure a steady current of gas to the burner with- 
out a regulator, and that a regulator, if used, might again give rise to 
errors. r 

• According ta Vogel, 2 N. Caro had previously worked out a method 
very similar to the above, and constructed a portable apparatus for the 
purpose. 

^Silicon compounds can also be determined in the gas by the com- 
bustion method, ljut the hood must in this case be made of platinum or 
nickel and the gas must be passed through perfectly pure sodium 
hydroxide (prepared from sodium), in which the silica is absorbed and 
determined by the usual method, after washing out the hood and 
adding bromine water. Phosphoric and sulphuric acids are determined 
itfethe filtrate. 

J. W. Gatehouse 5 makes use of the combustion method employing the 
decomposition vessel used in determining the gas yield (Fig. 82, p, 596). 
The acetylene is burnt in an ordinary acetylene burner, at the rate of 
10 litres per hour, under a glass bell-jar from which the combustion 
products pass by means of an adapter into the base of a drying jar. 
The upper part of the drying jar is fitted with a spiral or sinuous tube, 
Surrounded by water, "the lower end of which passes water-tight through 
the constriction in the bod^ of the drying jar whilst the upper end is 
bent at an angle of about 45 0 and is continued for some length so as to 
act as a chimney. Water is allowed to drop into this tube during the 
whole period of combustion, some 300 c.c. being required in all. ^ The* 
combustion chamber is closed at the bottom by a glass, porcelain, or 
land tray, having a hole in the centre Jor the passage of the burner. 
Afte^the completion of the combustion, which witH* ^SQ> g. of carbide 
requires "some seven to eight hours, the apparatus is allowed to cool, 
a | W which the whqje is well washe’d out, first with the water which has 
passed through the spiral tube and finally with distilled water; the, 
festal bulk of solution so obtained should be about 400 c.c. This acid 
liquid is then titrated with N\ 10 sodium hydroxide solution, employing 
phenolphthalein as indicator. The quantity of alkali required will vary, 

* 1 / Gashlmcht , , 1903 , 46 , 777 . 8 Handbuch fiir Actiyltn, 5 . * 43 . 
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according to the quality of the* carbide, from 20 c.c. to 100 c.c. pei 19a 
litres of ga% buftjt; 1 c.c. Njio NaOH =0-0017 g. PH a . Should the 
.quaptily taken be less than 44 cc. per 100 litres of gas bignt (which „ 
cprresponds V> 0-075 g- PH„ or 0-05 per cent, by volume, the limit fixed 
by the British Acetylene Association), it will be unnecessary to proceed 
further unless the actual amount of phosphorus in the gas has to be * 
determined. In the latter case, the neutralised solution is tfeatcd with 
an Excess of, hydrochloric acid and evaporated to dryness* a few drops of 
nitric acidt being added towards the end, to render any silica present* 
insoluble, and to completely oxidise all phosphorus compounds to 
phosphates. The residue is redissolved in dilute acid a rib the phosphorus 
in solution estimated as magnesium pyrophosphate. The suiphyric 
acid may be estimated in the filtrate if the magnesia mrxtflre has bc£n 
prepared’from pure magnesium chloride. 

Lidholm 1 also makes use of the evolution of acetylene from thft 
carbide, but effects this, by the addition of alcohol, so slowly that ihe 
gas may be passed into the burner without first passing through a gas 
regulator. The last portions of the gas are displaced by hydrogen. 
For this purpose he uses a decomposition flask of 500 c.c capacity with* 
a reflux condenser, which is also provided with a dropping funnel and a 
tube for the admission of the hydrogen. From the reflux condenser, 
the gas passes into a small acetylene burner, above which stands a glass « 
cylinder 32 cm. long and 5 cm. wide, open at the bottom, and connected 
at its upper end with a wash-bottle and then with a filter pump. 
About 10 g. of carbide are introduced in a crucible, at the bottom of the 


flask, the air displaced with hydrogen, which is ignited, and the filter 
pump set in action. Fifty cc. of anhydrous alcohol are then allowed to 
flow on to the carbide, and then the same quantity of water. The 
acetylene evolved burns, and the phosphoric add formed is Collected, 
partly in the cylinder and partly in the was|-bottic. When the evolu- 


,Vt*on of gas is complete, hydrochloric acid is poured into the flask to 
; dissolve the lime, and so minimise the risk of the flask breaking on 
.Renting, and the liquid is heated to boiling point, the current of hydrogen 
allowed to pass continuously through the flask ; the cylinder, 
tidies, and receive* are then rinsed out with warm, dilute 


iaft‘be easily and quickly determined m follows i-— The gaa 
in a burette filled with mercury, and then driven over into a 
n containing mercuiy and 3 cc, of copper sulphate solution 
! $fo» 15*6 g. of crystallised copper sulphate, too cc, of water, 

** * 4 $a i </• Hearkktea, Ckm, Own, *907, 11, 
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.agd ^ c.c. of dilute sulphuric acid (i : 5 the solution being previously 
Saturated with acetylene). The content? of the pi^^tte jye shaken for 
, three minutes, and the unabsorbed gas measured. A quartesfof the 
diminution in volume thus found corresponds to the phosphoretted 
hydrogen. This method, like others depending on the measurement of 
the residual gas, has several disadvantages. Firstly, errors may- result 
from the decomposition of phosphoretted hydrogen by oxygen dissolved 
in the water, *is mentioned by the authors themselves ; secondly*, an 
. objection which is crucial for the practical application of the jmethod, is 
that the traces of phosphoretted hydrogen present in the acetylene 
eannot be measured with any certainty, as the pipettes hold only 100 
c.c., and the.*phosphoretted hydrogen only amounts to a few hundredths 
oT a cubic centimetre. 

Sulphur occurs in technical acetylene, not only as sulphuretted 
hydroge^ (which is by no means completely retained, notwithstanding 
thg strongly alkaline reaction of the residue), but also in other combina- 
tions, as has begn proved by Lunge and Cedercreutz, Moissan, and 
many others. 

* These sulphur compounds are oxidised by the hypochlorite solution 
to sulphuric acid, and may be estimated by barium chloride in the 
acidified filtrate from the phosphorus determination, if the hypochlorite 
"Solution and magnesia mixture are free from sulphates. A simpler plan, 
however, is to divide the hypochlorite solution into two parts, and to use 
one for the estimation of the phosphoric acid, and the other for 
that of the sulphuric acid. 

3. Ammonia.— This occurs in barely estimable quantities only. For 
its determination the gases are passed through acid, and the absorbed 
ammonia subsequently estimated by “ Nesslerising” (cf. Vol. I., p. 76 6). 
The titraEtion of the excess of acid is inapplicable, owing to the minute 
proportions of ammonia present. 

4. Heat of Decomposition. — In addition to the determination of 
the gas yield, and the estimation of the harmful impurities, the heat of 
decomposition is now receiving some attention. 1 Undue heating fre-. 
qttently follows the use of an unsuitable generator, but it appears also 
to be sometimes associated with impurities in the carbide. Consider- 
able Jtelg is afforded on this point by an examination 6f the Sludge left 
after decompositioft, which should be white from a pure carbide properly 
dgpomposed, but %ssumes a yellow or black tinge when insufficient 
water has been used. That different makes of carbide may give widely 
varying heats of decomposition is indicated by the great variations 
in the rate of gas evolution published in the 1908 Report of the 
Technological Museum, ‘Vienna, 2 according to which samples yielding in 
alUn ninety minutes, 316-62, 281-08,' and 278-40 litres of gas per kilo- 

* * l m Cf. Gatehoiike, Acety^m^ 1908, 5, 346* 2 * 9 ° 9 i 6, 280, 



